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Python |i]



>>>1m_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>> cy2.1mshow('Sobel', im dy)

>>> cv2.waitKey(0)
D e ———— - = = L —



>>>im_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>> cy2.1mshow('Sobel', im_dy)
>>> cv2.waitKey(0)

- e —e————
i ———



>>>im_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>> cv2.imshow('Sobel', im_dy)
>>> cv2.waitKey(0)

o e e ————
e ——



>>>1m_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>> cy2.1mshow('Sobel', im dy)

>>> cv2.waitKey(0)
D e ———— - = = L —



>>>1m = 1m.astype('float32") /
>>>1m_dy = cv2.Sobel(im, -1, dx=
>>>1m_dx = cv2.Sobel(im, -1, dx=

>>> orad mag = np.sqrt(im_dx **
>>> cv2.amshow('gradient magnitude’, grad mag), cv2.waitKey(0)
— : ___. e ————————————




>>>1m = im.astype('float32") / 255.0
>>>im_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>>im_dx = cv2.Sobel(im, -1, dx=1, dy=0)

>>> grad_mag = np.sqrt(im_dx ** 2 + im_dy ** 2)
>>> cv2.1mshow('gradient magnitude', g_r_ad_mag), cv.waitKey(O)




>>>1m = im.astype('float32") / 255.0
>>>1m_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>>im_dx = cv2.Sobel(im, -1, dx=1, dy=0)

>>> orad_mag = np.sqrt(im_dx ** 2 +im_dy ** 2)
>>> cv2.1mshow('gradient magnitude’, g_r_ad_mag), cv2.waitKey(0)




>>>1m = im.astype('float32") / 255.0
>>>im_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>>1m_dx = cv2.Sobel(im, -1, dx=1, dy=0)

>>> orad_mag = np.sqrt(im_dx ** 2 +im_dy ** 2)
>>> cv2.1mshow('gradient magnitude’, g_r_ad_mag), cv2.waitKey(0)




>>>1m = im.astype('float32") / 255.0
>>>im_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>>im_dx = cv2.Sobel(im, -1, dx=1, dy=0)

>>> orad mag = np.sqrt(im_dx ** 2 +im dy ** 2)
>>> cv2.1mshow('gradient magnitude’, g_r_ad_mag), cv2.waitKey(0)




>>>1m = im.astype('float32") / 255.0
>>>im_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>>1m_dx = cv2.Sobel(im, -1, geg], dy=0)

>>> grad mag = np.sqrt(im dx :
>>> cv2.amshow('gradient mag™=#~" orad mag), cv2.waitKey(0)

=

P




>>>1m = im.astype('float32") / 255.0
>>>im_dy = cv2.Sobel(im, -1, dx=0, dy=1)
>>>im_dx = cv2.Sobel(im, -1, dx=1, dy=0)

>>> grad mag = np.sqrt(im_dx ** 2 +im_dy ** 2)
>>> cv2.umshow('gradient magnitude’, g_r_a_dfmag)?_ cv2.waitKey(0)




>>>1m = 1m.astype('float32") /
>>>1m_dy = cv2.Sobel(im, -1, dx=
>>>1m_dx = cv2.Sobel(im, -1, dx=

>>> orad mag = np.sqrt(im_dx **
>>> cv2.amshow('gradient magnitude’, grad mag), cv2.waitKey(0)
— : ___. e ————————————




% >>> grad d1r = np.arctanZ(im_dy, im_dx)

E'j >>>grad dir = cv2.normalize(grad dir, None, 0, 255,
> cv2.NORM MINMAX, dtype=cv2.CV 8U)
ey >>> orad dir = cv2.applyColorMap(grad dir, cv2.COLORMAP JET)

4 >>>cv2, 1msh0w( gradlent dlrectlon grad dlr) CV2 waltKe (O)
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>>> grad dir = np.arctan2(im_dy, im_dx)
>>> orad dir = cv2.normalize(grad dir, None, 0, 255, :
cv2NORM MINMAX. dtype=cv2.CV_8U)i
f

>>> grad_dir = cv2.applyColorMap(grad dir, cv2.COLORMAP JET)
>>> cv2.1mshow('g

v 4
- \




1\ o ?V ' ! -
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>>> grad dir = np.arctan2(1im_dy, im dx)

>>> orad dir = cv2.normalize(grad dir, None, 0, 255,
cv2.NORM_ MINMAX, dtype=cv2.CV_8U)

>>> grad_dir = cv2.applyColorMap(grad dir, cv2.COLORMAP JET) |

>>> cv2. 1mshow( gradlent direction’ grad_dir) cv2 WaltKe (O)
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A
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B AN N S T R e T A M R R Wi AL
>>> orad dir = np.arctan2(im_dy, im_dx)
>>>grad dir = cv2.normalize(grad dir, None, 0, 255, ,;
cv2.NORM MINMAX, dtype=cv2.CV 8U)
>>> orad_dir = cv2.applyColorMap(grad_dir, cv2.COLORMAP_JET) &
waitKey(0)
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>>> orad dir = np.arctan2(im_dy, im_dx)
>>> orad dir = cv2.normalize(grad dir, None, 0, 255,
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waitKey(0)
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% >>> grad d1r = np.arctanZ(im_dy, im_dx)

E'j >>>grad dir = cv2.normalize(grad dir, None, 0, 255,
> cv2.NORM MINMAX, dtype=cv2.CV 8U)
ey >>> orad dir = cv2.applyColorMap(grad dir, cv2.COLORMAP JET)

4 >>>cv2, 1msh0w( gradlent dlrectlon grad dlr) CV2 waltKe (O)
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The Design and Use of Steerable Filters

William T. Freeman and Edward H. Adelson

Abstract— Oriented filters are useful in many early vision
and image processing tasks. One often needs to apply the same
filter, rotated to different angles under adaptive control, or
wishes to calculate the filter response at various orientations. We
present an efficient architecture to synthesize filters of arbitrary
orientations from linear combinations of basis filters, allowing one
to adaptively “steer” a filter to any orientation, and to determine
analytically the filter output as a function of orientation. Steerable

a filter of arbitrary orientation without explicitly applying that
filter.

We use the term “steerable filter” to describe a class of
filters in which a filter of arbitrary orientation is synthesized
as a linear combination of a set of “basis filters.” We will show
that both two- and three-dimensional functions are steerable as
well as how many basis filters are needed to steer a given filter.
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O] A EX A

Vo f(xg) = illi_r)%f(xo + ht) — f(xp)
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E X :
JTESEL Vof (%) | R ELf (x0) FEXo BB U T ) IR R,
O] A EX A

Vo f(xg) = lim f(xo + h) — f(x0)
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f(xo + hti) — f(xo)

h—>0 hu




E X :

JTESEL Vof (%) | PR (%) TEXo VB UTT [EHY LK,
O] A EX A
f(xo + h) — f(x0)

Vof (xo) = lim n
_ f(xo + hl) — f(xo)
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Vuf (x0) = Vf(xp) - U



Vuf (x0) = Vf(xp) - U

U = (cos@,sin0)



Vuf (x0) = Vf(xp) - U

U = (cos@,sin0)

0G(x,y) . 0G(x,y) 0G(x,y)
. + sin 6 - = —
d0x dy ou

cos 6



Vuf (x0) = Vf(xp) - U

U = (cos@,sin0)

0G(x,y) .~ 0G(x,y) 0G(x,y) 0G(x,y)
- + sin @ - = 1=

cosf - —5 Jy I 90
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lg(x,y) = lcos 0 - aGg;’ 2 + sin 6 - OG((;;, 2 *I(x,y)
REE R &g 2

- 9G (x,y) . |9G(x,y)
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Seam Carving for Content-Aware Image Resizing

Shai Avidan Ariel Shamir
Mitsubishi Electric Research Labs The Interdisciplinary Center & MERL
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Cost[s] = z Els;]
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s* = arg min Cost|[s]
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Cost[s] = z E[s;]
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M[i, j] =
E[i,j] +
min(M[i — 1,j — 1], M[i,j — 1], M[i

1,j—=1])



M[i, j] =
E[i,j] +
min(M[i — 1,j — 1], M[i,j — 1], M[i + 1,j — 1])
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M[i, j] =
E[i,j] +
“min(M[i — 1,j — 1], M[i,j — 1], M[i + 1,j — 1])
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M[i, j] =
E[i,j] +
“min(M[i — 1,j — 1], M[i,j — 1], M[i + 1,j — 1])
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A Computational Approach to Edge Detection

JOHN CANNY, MEMBER, IEEE

Abstract—This paper describes a computational approach to edge
detection. The success of the approach depends on the definition of a
comprehensive set of goals for the computation of edge points. These
goals must be precise enough to delimit the desired behavior of the
detector while making minimal assumptions about the form of the so-
lution. We define detection and localization criteria for a class of edges,
and present mathematical forms for these criteria as functionals on the
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A third criterion ic then added to ensure

detector as input to a program which could isolate simple
geometric solids. More recently the model-based vision
system ACRONYM [3] used an edge detector as the front
end to a sophisticated recognition program. Shape from
motion [29], [13] can be used to infer the structure of
three-dimensional objects from the motion of edge con-
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Abstract—This paper describes a computational approach to edge
detection. The success of the approach depends on the definition of a
comprehensive set of goals for the computation of edge points. These
goals must be precise enough to delimit the desired behavior of the
detector while making minimal assumptions about the form of the so-
lution. We define detection and localization criteria for a class of edges,
and present mathematical forms for these criteria as functionals on the
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detector as input to a program which could isolate simple
geometric solids. More recently the model-based vision
system ACRONYM [3] used an edge detector as the front
end to a sophisticated recognition program. Shape from
motion [29], [13] can be used to infer the structure of
three-dimensional objects from the motlon of edge con-

PR S PR a1 -V~ A

;I—:



TREISR



. yEH—k SR EHRIRER







29 [ W\
AR
N
\ “

4
\(V!
\‘

4;

————— - e -

s 4 =

— 2 b ANt

7 2 -
T,

S ~{ L
= ) l"\..'.‘r. -
P - -

o e -
- < > ”
NG ot ~
- S . “
ey e S & --
” - -~ o -
~
I A o \\
o r o -
\‘\.\. .- . -
o .
~ '.
\ o~ y
> ——
-4 _ |.\\

- -
v’ - «
.- e - |
o £ =
> s it
¥
"t e m— an!d{
e - : ’
N~
- - — -
\.\ y
7 \







T IR2

PR ER






L — 7 e
s~ e

— ! ]
\ o

. N -~
NN

—

P Py | — e — e
S )
— e /vy ,

> 4




) SNSRI LSS e W
. LR _M-l SR \
S e LSS S\
~_ 3 . -
— — ~ . IR ~ .~
LTRSS ,A ) SN > o
\ |
N
AN ;
A
— e —

7 | A 2
N
X
l.lr(h, M,Aﬁ _
.I - H“
e e
| |
|l
]

+1img_dy ** 2)

3
3
<
d_
N
E
=
o3
%
o
-

>>1mg grad mag




T WD

-ty [ YR 2y P

T e B e e it
1‘_:: e e ] B
& ™ q.:.‘v. ‘?-h‘

Yo lalla
P

oty i TN ¥y LRSS
2R T TR ey

A Fe

< .
A . Ll A A

¥
y
1
.
X

VRS AT AE
T T '.v' ;-..‘” ..[ I:-..-J - >
iy o A S Rl Ry
. -.-N’" f:"ww":"‘ o-‘b,g

Lid ;\.-Jk~-‘.;‘;".g~v't.f.ah,';.}‘ ¥\
X g.._;;%-‘“’ ; e

. b iyt

SRS g
%1-# Nl Vs Cat
E o Y it

S GRS D ETEIEL. "y ' vwike = A



- >
L 5’5‘.‘ 244
N r.g‘;.“




L — 7 e
s~ e

— ! ]
\ o

. N -~
NN

—

P Py | — e — e
S )
— e /vy ,

> 4







1
‘ - ~ i@ ‘ \
—_— — - ‘ ‘\ L)
— — — - W

>>1mg_thresh =1m_grad mag >

L JJ Al
!".'L’// ‘Al
11 B
1[0 {
il € 11 ’r
“l," :,‘.




e

8 5 |




-
-

e

BB




WIR3

TR R {EHD



L — 7 e
s~ e

— ! ]
\ o

. N -~
NN

—

P Py | — e — e
S )
— e /vy ,

> 4




—

P Py | — e — e
S )
— e /vy ,

> 4

] c»?"l'r. 3%
» 2

— ! ]
\ o

. N -~
NN



















L — 7 e
s~ e

— ! ]
\ o

. N -~
NN

—

P Py | — e — e
S )
— e /vy ,

> 4




iy







o= I:Eﬂfﬁff



iy




T

:“'.

AR b

- P =y
S el e )
[

i e o I P D
o e d“'&/ s \f"flf E

a I.I'
".llrl- TR
k[




o

:“'.

AR b

IR 1 I"\.

>>1mg_thresh =1m_grad mag > 5

o ,_:, ' B 'L'*"j.r L:}:{L‘__'ET{%?{]_;':

3 P o
— = f T T —— - —
,.f',x::a—h_; i A r:——fl CI
B . i PR

. =7 i
T : " -l'-hl"--""l —_ . K

¢ -_I."I s -
] - : S 1 T
| LI L °|‘~Jﬂ£{! W i -'-{} :»% -

I L



- - -
s
SRR | R ey,

PN

b

—

-\'"-\.l

X 1
LN

g

S
Y

— = - . - - . ; :-_ e i - . - () — . '
L} - . - ‘--\ ;
1 . ' - ) %, = L
. I C - } = | Ry
] = = .
| _ - - ,_
ﬂ | RN : A
' : ! B , [ .
| - - -3 A .- =7 oy
. o T [
. . - - s, . 3{\? a
| |I o _.-.ﬂ—.r| " ! 1
‘ \ i - e . X e vt ’ ’I qﬂ;;—_
; . ’.a». . E [ I,'» 'I__ i __f
R R —J N } P o - S m Jf_;jc
—
L
1







o
il

RRE












."Q'--‘.“;\QI h ,:A \\ _.-.l: LA | L 1
M S T | SR NG
s S . sy i) i o
Y ) | - X,
oy s R -
:’Lx‘:_,_-,_—“:'_ \_,J - h‘w 1
v
)
T

e T =TT e _‘I_'-\'
Gy s, e
f\_\ P! :Liﬂml S
A l\-\u_l\ EARE NE
- e

T
LS a == u

=, wl
e T ¥
e R







ey @mAEE, —METE



/



o

MJELWIWEE'J%? R, RIREhgs
= (EEHEHMA) L@ R Es g




MlﬁLnlﬁl’]EE’ﬂ%? R, RIREhgs
= (EEHEHMA) L@ R Es g




MﬁLnlj‘]fEE'ﬁ%? R, RIREhgs
= (EEHEHMA) L@ R Es g




MﬁLnlj‘]fEE'ﬁ%? R, RIREhgs
= (EEHEHMA) L@ R Es g







v il | s W s e
%%ﬁﬂ Sl U
[ He Ll.lu/ﬂ Jﬁﬁﬁnuxsﬁhr_@u
Sy lis

AR

SRS e S e e
PR e e

Bl
- IS
D :
Arys el Y B i
e 5 :
..L..q\\...m.l.ﬁ._‘ i T

i mﬁmu

i P =
= e M

. ; |
3 ] ,r_u.\... e L N_
7 1_.,.., ﬁu ,




ARKAE



1. fx. yEH—H ST EGRIEK



2. KRB EHIIREE R 7 [a]



3. AFTIEIR R {E APl



4. RELFFERE



Python |i]



\ "'.
'|"|| Illllllll
[ Wt

I |'I.II t"ul |I i ’

I-—\—_.
[

>>>1m_blur = cv2.GaussianBlur(im, (5, 5), cv2.BORDER DEFAULT)
>>>1mg_edge = cv2.Canny(im_blur, threshold1=20, threshold2=45)
>>> cv2.imshow( , img_edge), cv2.waitKey(0)
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>>> im_blur = cv2.GaussianBlur(im, (5, 5), cv2.BORDER_DEFAULT),
>>>1mg edge = cv2.Canny(im_blur, threshold1=20, threshold2=45)
>>> cv2.1mshow('Canny edge', img edge), cv2.waitKey(0)
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>>>1m_blur = cv2.GaussianBlur(im, (5, 5), cv2.BORDER DEFAULT)
>>>1mg_edge = cv2.Canny(im_blur, threshold1=20, threshold2=45) ‘
>>> cv2.1mshow('Canny edge', img edge), cv2.waitKey(0)

D = e



3 "'.
'|"|| Illllllll
[ s

- |'I.II t"ul |I i ’

I-_\—_.
™

>>>1m_blur = cv2.GaussianBlur(im, (5, 5), cv2.BORDER DEFAULT)
>>>1mg edge = cv2.Canny(im_blur, threshold1=20, threshold2=45)
>>> cv2.1umshow('Canny edge', img_edge), cv2.waitKey(0)
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>>>1m_blur = cv2.GaussianBlur(im, (5, 5), cv2.BORDER DEFAULT)
>>>1mg_edge = cv2.Canny(im_blur, threshold1=20, threshold2=45)
>>> cv2.imshow( , img_edge), cv2.waitKey(0)
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Learning to Detect Natural Image Boundaries
Using Local Brightness, Color,
and Texture Cues

David R. Martin, Member, IEEE, Charless C. Fowlkes, and Jitendra Malik, Member, IEEE

Abstract—The goal of this work is to accurately detect and localize boundaries in natural scenes usmg Iocal image measurements
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Structured Forests for Fast Edge Detection

Piotr Dollar C. Lawrence Zitnick
Microsoft Research Microsoft Research
pdollar@microsoft.com larryz@microsoft.com
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Edge detection is a critical component of many vision £ " :
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systems, including object detectors and image segmentation ct S ~_ . \
algorithms. Patches of edges exhibit well-known forms of ~! y J\

local structure, such as straight lines or T-junctions. In this
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PUSHING THE BOUNDARIES OF BOUNDARY DETEC-
TION USING DEEP LEARNING

Iasonas Kokkinos

Center for Visual Computing
CentraleSupélec and INRIA
Chatenay-Malabry, 92095, France

{iasonas.kokkinos}@ecp.fr

ABSTRACT

In this work we show that adapting Deep Convolutional Neural Network training
to the task of boundary detection can result in substantial improvements over the
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