
Edge detection

Edge detection includes a variety of mathematical meth-
ods that aim at identifying points in a digital image at
which the image brightness changes sharply or, more
formally, has discontinuities. The points at which im-
age brightness changes sharply are typically organized
into a set of curved line segments termed edges. The
same problem of finding discontinuities in 1D signals is
known as step detection and the problem of finding signal
discontinuities over time is known as change detection.
Edge detection is a fundamental tool in image process-
ing, machine vision and computer vision, particularly in
the areas of feature detection and feature extraction.[1]

1 Motivations

Canny edge detection applied to a photograph

The purpose of detecting sharp changes in image bright-
ness is to capture important events and changes in prop-
erties of the world. It can be shown that under rather
general assumptions for an image formation model, dis-
continuities in image brightness are likely to correspond
to:[2][3]

• discontinuities in depth,

• discontinuities in surface orientation,

• changes in material properties and

• variations in scene illumination.

In the ideal case, the result of applying an edge detector to
an image may lead to a set of connected curves that indi-
cate the boundaries of objects, the boundaries of surface
markings as well as curves that correspond to discontinu-
ities in surface orientation. Thus, applying an edge de-
tection algorithm to an image may significantly reduce
the amount of data to be processed and may therefore
filter out information that may be regarded as less rele-
vant, while preserving the important structural properties
of an image. If the edge detection step is successful, the

subsequent task of interpreting the information contents
in the original image may therefore be substantially sim-
plified. However, it is not always possible to obtain such
ideal edges from real life images of moderate complexity.
Edges extracted from non-trivial images are often ham-
pered by fragmentation, meaning that the edge curves are
not connected, missing edge segments as well as false
edges not corresponding to interesting phenomena in the
image – thus complicating the subsequent task of inter-
preting the image data.[4]

Edge detection is one of the fundamental steps in im-
age processing, image analysis, image pattern recogni-
tion, and computer vision techniques.

2 Edge properties

The edges extracted from a two-dimensional image of a
three-dimensional scene can be classified as either view-
point dependent or viewpoint independent. A viewpoint
independent edge typically reflects inherent properties of
the three-dimensional objects, such as surface markings
and surface shape. A viewpoint dependent edge may
change as the viewpoint changes, and typically reflects
the geometry of the scene, such as objects occluding one
another.
A typical edge might for instance be the border between
a block of red color and a block of yellow. In contrast
a line (as can be extracted by a ridge detector) can be a
small number of pixels of a different color on an otherwise
unchanging background. For a line, there may therefore
usually be one edge on each side of the line.

3 A simple edge model

Although certain literature has considered the detection
of ideal step edges, the edges obtained from natural im-
ages are usually not at all ideal step edges. Instead they
are normally affected by one or several of the following
effects:

• focal blur caused by a finite depth-of-field and finite
point spread function.

• penumbral blur caused by shadows created by light
sources of non-zero radius.

• shading at a smooth object
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A number of researchers have used a Gaussian smoothed
step edge (an error function) as the simplest extension
of the ideal step edge model for modeling the effects
of edge blur in practical applications.[4][5] Thus, a one-
dimensional image f which has exactly one edge placed
at x = 0 may be modeled as:

f(x) =
Ir − Il

2

(
erf

(
x√
2σ

)
+ 1

)
+ Il.

At the left side of the edge, the intensity is Il =
limx→−∞ f(x) , and right of the edge it is Ir =
limx→∞ f(x) . The scale parameter σ is called the blur
scale of the edge. Ideally this scale parameter should be
adjusted based on the quality of image to avoid destroy-
ing true edges of the image.

4 Why it is a non-trivial task

To illustrate why edge detection is not a trivial task, con-
sider the problem of detecting edges in the following one-
dimensional signal. Here, we may intuitively say that
there should be an edge between the 4th and 5th pixels.
If the intensity difference were smaller between the 4th
and the 5th pixels and if the intensity differences between
the adjacent neighboring pixels were higher, it would not
be as easy to say that there should be an edge in the cor-
responding region. Moreover, one could argue that this
case is one in which there are several edges.
Hence, to firmly state a specific threshold on how large the
intensity change between two neighbouring pixelsmust be
for us to say that there should be an edge between these
pixels is not always simple.[4] Indeed, this is one of the
reasons why edge detection may be a non-trivial problem
unless the objects in the scene are particularly simple and
the illumination conditions can be well controlled (see for
example, the edges extracted from the image with the girl
above).

5 Approaches

There are many methods for edge detection, but most of
them can be grouped into two categories, search-based
and zero-crossing based. The search-based methods de-
tect edges by first computing a measure of edge strength,
usually a first-order derivative expression such as the gra-
dient magnitude, and then searching for local directional
maxima of the gradient magnitude using a computed es-
timate of the local orientation of the edge, usually the gra-
dient direction. The zero-crossing based methods search
for zero crossings in a second-order derivative expres-
sion computed from the image in order to find edges,
usually the zero-crossings of the Laplacian or the zero-
crossings of a non-linear differential expression. As a

pre-processing step to edge detection, a smoothing stage,
typically Gaussian smoothing, is almost always applied
(see also noise reduction).
The edge detection methods that have been published
mainly differ in the types of smoothing filters that are
applied and the way the measures of edge strength are
computed. As many edge detection methods rely on the
computation of image gradients, they also differ in the
types of filters used for computing gradient estimates in
the x- and y-directions.
A survey of a number of different edge detection methods
can be found in (Ziou and Tabbone 1998);[6] see also the
encyclopedia articles on edge detection in Encyclopedia
ofMathematics[3] and Encyclopedia of Computer Science
and Engineering.[7]

5.1 Canny

Main article: Canny edge detector

John Canny considered the mathematical problem of de-
riving an optimal smoothing filter given the criteria of de-
tection, localization andminimizingmultiple responses to
a single edge.[8] He showed that the optimal filter given
these assumptions is a sum of four exponential terms. He
also showed that this filter can be well approximated by
first-order derivatives of Gaussians. Canny also intro-
duced the notion of non-maximum suppression, which
means that given the presmoothing filters, edge points
are defined as points where the gradient magnitude as-
sumes a local maximum in the gradient direction. Look-
ing for the zero crossing of the 2nd derivative along the
gradient direction was first proposed by Haralick.[9] It
took less than two decades to find a modern geometric
variational meaning for that operator that links it to the
Marr–Hildreth (zero crossing of the Laplacian) edge de-
tector. That observation was presented by Ron Kimmel
and Alfred Bruckstein.[10]

Although his work was done in the early days of computer
vision, the Canny edge detector (including its variations)
is still a state-of-the-art edge detector.[11] Unless the pre-
conditions are particularly suitable, it is hard to find an
edge detector that performs significantly better than the
Canny edge detector.
The Canny–Deriche detector was derived from similar
mathematical criteria as the Canny edge detector, al-
though starting from a discrete viewpoint and then leading
to a set of recursive filters for image smoothing instead of
exponential filters or Gaussian filters.[12]

The differential edge detector described below can be
seen as a reformulation of Canny’s method from the view-
point of differential invariants computed from a scale
space representation leading to a number of advantages
in terms of both theoretical analysis and sub-pixel im-
plementation. In that aspect, Log Gabor filter have been
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shown to be a good choice to extract boundaries in natural
scenes.[13]

5.2 Other first-order methods

Different gradient operators can be applied to estimate
image gradients from the input image or a smoothed ver-
sion of it. The simplest approach is to use central differ-
ences:

Lx(x, y) = −1

2
L(x− 1, y) + 0 · L(x, y) + 1

2
· L(x+ 1, y)

Ly(x, y) = −1

2
L(x, y − 1) + 0 · L(x, y) + 1

2
· L(x, y + 1),

corresponding to the application of the following filter
masks to the image data:

Lx =
[
−1/2 0 1/2

]
L and Ly =

+1/2
0

−1/2

L.
The well-known and earlier Sobel operator is based on
the following filters:

Lx =

−1 0 +1
−2 0 +2
−1 0 +1

L and Ly =

+1 +2 +1
0 0 0
−1 −2 −1

L.
Given such estimates of first-order image derivatives, the
gradient magnitude is then computed as:

|∇L| =
√
L2
x + L2

y

while the gradient orientation can be estimated as

θ = atan2(Ly, Lx).

Other first-order difference operators for estimating im-
age gradient have been proposed in the Prewitt operator,
Roberts cross Kayyali operator and Frei-Chen.
It is possible to extend filters dimension to avoid the is-
sue of recognizing edge in low SNR image. The cost of
this operation is loss in terms of resolution. Examples are
Extended Prewitt 7x7 and Abdou.

5.3 Thresholding and linking

Once we have computed a measure of edge strength (typ-
ically the gradient magnitude), the next stage is to apply a
threshold, to decide whether edges are present or not at an
image point. The lower the threshold, the more edges will

be detected, and the result will be increasingly suscepti-
ble to noise and detecting edges of irrelevant features in
the image. Conversely a high threshold may miss subtle
edges, or result in fragmented edges.
If the edge is applied to just the gradient magnitude im-
age, the resulting edges will in general be thick and some
type of edge thinning post-processing is necessary. For
edges detected with non-maximum suppression however,
the edge curves are thin by definition and the edge pix-
els can be linked into edge polygon by an edge linking
(edge tracking) procedure. On a discrete grid, the non-
maximum suppression stage can be implemented by esti-
mating the gradient direction using first-order derivatives,
then rounding off the gradient direction to multiples of 45
degrees, and finally comparing the values of the gradient
magnitude in the estimated gradient direction.
A commonly used approach to handle the problem
of appropriate thresholds for thresholding is by using
thresholding with hysteresis. This method uses multiple
thresholds to find edges. We begin by using the upper
threshold to find the start of an edge. Once we have a
start point, we then trace the path of the edge through
the image pixel by pixel, marking an edge whenever we
are above the lower threshold. We stop marking our edge
only when the value falls below our lower threshold. This
approach makes the assumption that edges are likely to be
in continuous curves, and allows us to follow a faint sec-
tion of an edge we have previously seen, without meaning
that every noisy pixel in the image is marked down as an
edge. Still, however, we have the problem of choosing
appropriate thresholding parameters, and suitable thresh-
olding values may vary over the image.

5.4 Edge thinning

Edge thinning is a technique used to remove the unwanted
spurious points on the edges in an image. This technique
is employed after the image has been filtered for noise
(using median, Gaussian filter etc.), the edge operator
has been applied (like the ones described above) to detect
the edges and after the edges have been smoothed using
an appropriate threshold value. This removes all the un-
wanted points and if applied carefully, results in one pixel
thick edge elements.
Advantages:

1. Sharp and thin edges lead to greater efficiency in ob-
ject recognition.

2. If Hough transforms are used to detect lines and el-
lipses, then thinning could give much better results.

3. If the edge happens to be the boundary of a region,
then thinning could easily give the image parameters
like perimeter without much algebra.
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There are many popular algorithms used to do this, one
such is described below:

1. Choose a type of connectivity, like 8, 6 or 4.

2. 8 connectivity is preferred, where all the immediate
pixels surrounding a particular pixel are considered.

3. Remove points from North, south, east and west.

4. Do this in multiple passes, i.e. after the north pass,
use the same semi processed image in the other
passes and so on.

5. Remove a point if:
The point has no neighbors in the North (if you are
in the north pass, and respective directions for other
passes).
The point is not the end of a line.
The point is isolated.
Removing the points will not cause to disconnect its
neighbors in any way.

6. Else keep the point.

The number of passes across direction should be chosen
according to the level of accuracy desired.

5.5 Second-order approaches

Some edge-detection operators are instead based upon
second-order derivatives of the intensity. This essen-
tially captures the rate of change in the intensity gradi-
ent. Thus, in the ideal continuous case, detection of zero-
crossings in the second derivative captures local maxima
in the gradient.
The early Marr–Hildreth operator is based on the detec-
tion of zero-crossings of the Laplacian operator applied to
a Gaussian-smoothed image. It can be shown, however,
that this operator will also return false edges correspond-
ing to local minima of the gradient magnitude. Moreover,
this operator will give poor localization at curved edges.
Hence, this operator is today mainly of historical interest.

5.5.1 Differential

A more refined second-order edge detection approach
which automatically detects edges with sub-pixel accu-
racy, uses the following differential approach of detecting
zero-crossings of the second-order directional derivative
in the gradient direction:
Following the differential geometric way of expressing
the requirement of non-maximum suppression proposed
by Lindeberg,[4][14] let us introduce at every image point
a local coordinate system (u, v) , with the v -direction
parallel to the gradient direction. Assuming that the im-
age has been pre-smoothed by Gaussian smoothing and a

scale space representation L(x, y; t) at scale t has been
computed, we can require that the gradient magnitude of
the scale space representation, which is equal to the first-
order directional derivative in the v -directionLv , should
have its first order directional derivative in the v -direction
equal to zero

∂v(Lv) = 0

while the second-order directional derivative in the v -
direction of Lv should be negative, i.e.,

∂vv(Lv) ≤ 0.

Written out as an explicit expression in terms of local
partial derivatives Lx, Ly, . . . , Lyyy , this edge defini-
tion can be expressed as the zero-crossing curves of the
differential invariant

L2
vLvv = L2

x Lxx + 2Lx Ly Lxy + L2
y Lyy = 0,

that satisfy a sign-condition on the following differential
invariant

L3
vLvvv = L3

x Lxxx + 3L2
x Ly Lxxy +

3Lx L
2
y Lxyy + L3

y Lyyy ≤ 0 where
Lx, Ly, . . . , Lyyy

denote partial derivatives computed from a scale space
representation L obtained by smoothing the original im-
age with a Gaussian kernel. In this way, the edges will
be automatically obtained as continuous curves with sub-
pixel accuracy. Hysteresis thresholding can also be ap-
plied to these differential and subpixel edge segments.
In practice, first-order derivative approximations can be
computed by central differences as described above,
while second-order derivatives can be computed from the
scale space representation L according to:

Lxx(x, y) = L(x− 1, y)− 2L(x, y) + L(x+ 1, y),

Lxy(x, y) =
1

4
(L(x− 1, y − 1)− L(x− 1, y + 1)− L(x+ 1, y − 1) + L(x+ 1, y + 1)),

Lyy(x, y) = L(x, y − 1)− 2L(x, y) + L(x, y + 1).

corresponding to the following filter masks:

Lxx =
[
1 −2 1

]
L and Lxy =

−1/4 0 1/4
0 0 0
1/4 0 −1/4

L and Lyy =

 1
−2
1

L.
Higher-order derivatives for the third-order sign condition
can be obtained in an analogous fashion.
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5.6 Phase congruency-based

A recent development in edge detection techniques takes
a frequency domain approach to finding edge locations.
Phase congruency (also known as phase coherence)meth-
ods attempt to find locations in an image where all sinu-
soids in the frequency domain are in phase. These lo-
cations will generally correspond to the location of a per-
ceived edge, regardless of whether the edge is represented
by a large change in intensity in the spatial domain. A
key benefit of this technique is that it responds strongly
to Mach bands, and avoids false positives typically found
around roof edges. A roof edge, is a discontinuity in the
first order derivative of a grey-level profile.[15]

5.7 Physics-inspired

Feature enhancement in an image (St Paul’s Cathedral, London)
using Phase Stretch Transform (PST). Left panel shows the orig-
inal image and the right panel shows the detected features using
PST.

The phase stretch transform or PST is a physics-inspired
computational approach to signal and image process-
ing. One of its utilities is for feature detection and
classification.[16][17] PST is a spin-off from research on
the time stretch dispersive Fourier transform. PST trans-
forms the image by emulating propagation through a
diffractive medium with engineered 3D dispersive prop-
erty (refractive index). The operation relies on symmetry
of the dispersion profile and can be understood in terms of
dispersive eigenfunctions or stretch modes.[18] PST per-
forms similar functionality as phase contrast microscopy
but on digital images. PST is also applicable to digital
images as well as temporal, time series, data.

5.8 Subpixel

To increase the precision of edge detection, several sub-
pixel techniques had been proposed, including curve-
fitting, moment-based, reconstructive, and more recently
partial area effect methods.[19] These methods have dif-
ferent characteristics. Curve fitting methods are com-
putationally simple but are easily affected by noise.
Moment-based methods use integral pixels to reduce the
effect of noise but require more computations. Recon-
structive methods use horizontal gradients or vertical gra-
dients to build a curve and find the peak of the curve as
the sub-pixel edge. Partial area effect methods are based
on the hypothesis that each pixel value depends on the

area at both sides of the edge inside that pixel, producing
accurate individual estimation for every edge pixel.

6 See also

• Convolution#Applications

• Feature detection (computer vision) for other low-
level feature detectors

• Image derivatives

• Gabor filter

• Image noise reduction

• Kirsch operator for edge detection in the compass
directions

• Ridge detection for relations between edge detectors
and ridge detectors

• Log Gabor filter

• Phase stretch transform
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http://mrw.interscience.wiley.com/emrw/9780470050118/ecse/article/ecse603/current/abstract
http://edge.kitiyo.com/
https://dx.doi.org/10.5201/ipol.2012.gjmr-lsd
https://dx.doi.org/10.5201/ipol.2012.gjmr-lsd
http://www.mathworks.com/help/images/detect-edges-in-images.html
http://www.mathworks.com/matlabcentral/fileexchange/48908-accurate-subpixel-edge-location
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9 Text and image sources, contributors, and licenses

9.1 Text
• Edge detection Source: https://en.wikipedia.org/wiki/Edge_detection?oldid=741787271 Contributors: Michael Hardy, Kku, Cyan,
Charles Matthews, Dysprosia, LaurentPerrinet, Diberri, Giftlite, Seabhcan, BenFrantzDale, Asc99c, Dmmaus, Discospinster, Maye,
Forderud, Gengiskanhg, Waldir, RuM, Zbxgscqf, Salix alba, Awotter, Kri, Bgwhite, IBlender, Confuted, Robert L, Jjd27, SmackBot,
UrsaFoot, Jcarroll, Kazkaskazkasako, Sct72, MrRadioGuy, Vina-iwbot~enwiki, Acjohnson55, Feraudyh, Mr Stephen, Yoderj, Hu12, Aur-
sani, Tpl, ChrisCork, Ylloh, CmdrObot, CBM, Eihjia, Cydebot, Alanbly, Kozuch, Medicsl, MistWiz, AntiVandalBot, JAnDbot, David
Eppstein, Cspan64, JonMcLoone, SJP, Bonadea, Qtea, Jamelan, Andy Dingley, Pjoef, Maxlittle2007, Nilx~enwiki, KoenDelaere, Svick,
Iknowyourider, Conboy, Binksternet, Mild Bill Hiccup, DumZiBoT, XLinkBot, Manishti2004, Dekart, Ardentbiker, Addbot, Cyborg1158,
TutterMouse, Download, LaaknorBot, 5 albert square, Křžut, Willondon, Yobot, AnomieBOT, ArthurBot, Shcha, Dneprodzerzhinsk, We-
ichaoliu, MuffledThud, FrescoBot, Ahauptfleisch, Geazzo, Kwiki, OgreBot, Pinethicket, North8000, Clarkcj12, Frank.vanMeurs, Mskay-
ali, K6ka, ZéroBot, Amogh mahapatra, Makecat, FinalRapture, Jtherr, ClueBot NG, Frietjes, Roller958, BG19bot, MusikAnimal, Batty-
Bot, Sai123k, Kolega2357, Me, Myself, and I are Here, Mark viking, Tentinator, Samratsubedi, AndyThe, The Code Blitzer, Ahmedskiko,
Uqam, Edge detection, Mullder19731973, Davidstone1415, Machanguillo1, Fmadd, Wikiseeker2016 and Anonymous: 114

9.2 Images
• File:PST_edge_detector_saint_Paul.tif Source: https://upload.wikimedia.org/wikipedia/commons/c/c0/PST_edge_detector_saint_
Paul.tif License: CC BY-SA 4.0 Contributors: Own work Original artist: Uqam

• File:Ääretuvastuse_näide.png Source: https://upload.wikimedia.org/wikipedia/commons/2/20/%C3%84%C3%A4retuvastuse_n%
C3%A4ide.png License: CC BY-SA 3.0 Contributors: Own work (Original text: I (JonMcLoone (talk)) created this work entirely by myself.)
Original artist: JonMcLoone (talk)

9.3 Content license
• Creative Commons Attribution-Share Alike 3.0

https://en.wikipedia.org/wiki/Edge_detection?oldid=741787271
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https://upload.wikimedia.org/wikipedia/commons/2/20/%25C3%2584%25C3%25A4retuvastuse_n%25C3%25A4ide.png
https://en.wikipedia.org/wiki/User:JonMcLoone
https://en.wikipedia.org/wiki/User_talk:JonMcLoone
https://en.wikipedia.org/wiki/User:JonMcLoone
https://en.wikipedia.org/wiki/User_talk:JonMcLoone
https://creativecommons.org/licenses/by-sa/3.0/
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