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Abstract—Polygon detection and Localization technique could
be applied in the industrial environment as many industrial
objects contain some planes with polygons inside. The objects
could be located when the polygons inside them have been located.
In this paper, we propose a new method for polygon detection and
localization. First, the Canny operator is applied to acquire the
edges of the image and the line segments are extracted from the
edges; Then the connection relationship of these line segments
is analyzed and the so call ”link-line” model is generated and
the polygons are found by traversing the link-line model; At
last the 6 degree-of-freedom pose (positions and orientations)
of the polygons are calculated according to the equations of
perspective projection and the geometry features of the polygons.
The proposed method was tested on 50 images and the results
demonstrated that the proposed method is effective and robust
for polygon detection and localization.
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I. INTRODUCTION

Workpiece detection and localization is a common applica-
tion in industrial automation systems. Many operations could
be performed only after detecting and locating the objects,
such as grabbing and damage detection. In recent years, several
techniques have been developed for object detection and 3D
localization by Digital Image Processing (PID).

As Figure. 1 shows, there are some special objects which
contain one or more planes and this kind of objects are
very common in industrial environment such as boxes, semi-
conductor chips, mobile phones. Usually we can use polygons
to replace the planes approximately. The workpiece can be
located after the polygons (if the workpiece contains some
planes) are located. So polygon detection and localization
could be a significant method in industry automation system.
Beside the industrial applications, the polygons are a frequent
feature of our living environment, such as road scenes, trian-
gular and rectangular signs.

Fig. 1: Objects with some planes: semi-conductor chips, mo-
bile phones the boxes

II. RELATED LITERATURE

In this section, we will present some methods to detect
polygon developed in recent years. These methods could be
placed in a taxonomy comprised of three categories: 1. Base
on line segment detection; 2. Base on the corner detection; 3.
Global detection directly.

The methods which are based on line segment detection use
some approaches to extract the line segments of the image and
search the polygon among the line segments. Li and Wang [1]
proposed the method which perform round of line clustering
and post-processing to compose the obtain line segments into
complete quadrilateral enclosing boxes. The application of
their method is very interesting, the method is used in comic
page segmentation and make the comic pages suitable for
reading on mobile devices. The parallel recognize method
was proposed by Laha [2]. Given the line segments and their
end points, this method computes the intersections of the line
segments, then use 4 matrices to present relationship of the end
points and the intersections, and then start from a end points,
traverse the matrices until getting an occlusion sequence of
points and so getting an polygon. This method can detect the
isolate polygon but has difficulty in nested polygons.

The advantage of these methods is fast, robust and can
detect the complex polygons, they can detect the polygons
which miss the corners and polygons with round corners. But
the disadvantage is that they can’t detect the polygons with
discontinuity and broken lines.

The second kind of methods detect the corners of the image
and use the direction information of the corners to search for
the polygons. Manay [3] propose the method to attain the
information of corner, angle and direction, and compare these
information to the identified polygon, and use the template
matching to find the polygons. this method is used in aerial
images. Jun’s method [4] use adjust filter to attain the power
and direction angle image, base on which the information of
edges and corners are computed, and then for searching the
polygons.

These methods have the advantage of detecting the poly-
gons with broken lines (all they need is the corners). But
these methods could not detect the polygons missing corners
or polygons with round corners.

The method of global detection directly process the whole
image with some kinds of functions and the results are
the polygons. Generalized Hough Transform (GHT) turn the
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problem of graph detection to the clustering problem in the
parameter space [5] [6]. Barnes [7][8][9] propose the method
using the probability density model. Given image edges they
derived a posteriori probability of a mixture regular polygon,
and this method is used in real-time sign detection for driver
assistance.

The advantages of these methods is simple and that they
could detect the polygons with discontinuity and broken lines.
Their disadvantage is huge computing cost and they are only
suit for polygons with less edges such as triangle.

III. OVERVIEW OF OUR METHOD

This section will present the overview of our method. First
the line segments of the image are detected and this step is
consist of attaining the edge image, attaining the curves and
attaining the line segments; And then we find polygons among
these line segments and this step involve generating the line
segments and traversing the line segments to search for the
polygons; At last we calculat the positions and orientations of
the polygons in the world coordinate system. Figure. 2 shows
the work flow chart of our proposed method.

Fig. 2: The work flow chart of our proposed method.

IV. LINE SEGMENT DETECTION

There are some differences between line segment detection
and line detection. As we known the Hough Transform can
detect the lines in an easy way. However the Hough Transform
can’t give us the endpoints of a line and additional operations
are required. So the Hough transform is not applied here In
this method. Instead, a new approach to detect line segment
will be introduced here.

Line segment detection is a basic task in computer vision.
Many line segment detectors have been proposed. Some of the
methods are based on Hough transform [10] [11] [12] [13] and
some are based on gradient [14] [15].

In this paper, we propose a new algorithm to detect line
segments. This is not to assert that our method of line segment
is superior than other methods in any environments. Our
method is just designed for polygon detecting in industrial
environments where the edges of image are continuous and
clear. The proposed method for line detection is fast because
there are only pixel operations in the whole algorithm.

In this section, We will talk about how to extract the line
segments in an image. First, The edges of the image are
extracted by Canny operator. Remember that the ”width” of
the edge of Canny operator is always 1. Then all these edges

are extracted as ”curves”. Each curve is consist of a set of
points from the beginning to the end. A curve could be a line
segment or a broken-line or a crooked curve as Figure. 4(b)
shows. The last step is to extract the line segments among
these curves.

A. Extract the edges by Canny Operator

Though many edge detectors can provide strong edge
image, we use Canny Operator [16] because this method
process the ”Non-maximum Suppression”. As a result, the
width of the edge is always 1, so we can trace the edges from
the beginning to end pixel by pixel to find the curves easily.
Think about that if the width of a curve is not 1 and it is
very hard to trace the curve. As we known that there are two
thresholds in the Canny Operator. The value of the thresholds
depend of the image. The low threshold of the Canny Operator
is about 100, and the high one is often from 150 to 200. The
implementation of Canny Operator is provided by the OpenCV
library. Figure. 3 demonstrate that the edges are strong and
clear enough by Canny Operator.

(a) (b)

Fig. 3: (a) is original image of the metal frame and (b) is the
edge image and it is the result of Canny operator.

B. Extract the curves from the given edges

Before extracting the curves, we need to define what a
curve is. A curve is a set of continuous points. Usually a curve
has two end points, but a curve could also be occlusion and has
no end point at all. The following section will discuss these
different conditions.

We deal with the curves which have one or two end points
in an edge image in this stage and how to deal with a occlusion
curve is shown in next subsection. An end point of a curve
only have one neighbor who belong to the edge on each side
which means, for example, the end point could have one or
two neighbors on its left side or right side, but it cannot has
neighbors on its left side and right side simultaneously. It is
the same for up and down side. Scan the edge image to find
the end points and tracing the edges from these end points so
curves which contain one or two end points could be found.
Once the curves are found, erase them in the edge image
by just setting the value of all the curve points to zero to
avoid duplicative detection. Intersections of two curves are not
considered here because there is no intersections in edge image
of Canny Operator, thanks to its ”Maximum Suppression” and
that’s another reason for using Canny operator.
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C. Find the line segments in the given curves

A curve could be a line segment but also could be a crooked
curve or a broken line which is consist of some line segments
and crooked curves, as Figure. 4 (b) shows. The task of this
section is to extract the line segments among them.

Curvature is used to describe how ”crooked” a curve is.
Each point of a curve has its curvature. To attain the curvature
of a curve mean to attain the curvature of all the points of the
curve. The curvature is define as the angle of two vectors as
Equation. 1 shows. The two vector are consist of 3 points: P ,
Q, R. Q is the current point whose curvature is getting to be
calculated and P , R are its neighbors on the left and right.
As Figure. 4 (a) shows, these three points are not next to each
but instead they are d points far away from each other in the
”curve chain”. The larger the d is, the higher the resolution
of the curvature is. Think about that if these three points are
next to each other (d = 1), the number of values of the angle
could be only 5(0, π/4, π/2, 3π/4, π).

curvature(Q) = arccos

 −−→PQ · −−→QR∣∣∣−−→PQ∣∣∣ ∣∣∣−−→QR∣∣∣
 (1)

(a) (b)

Fig. 4: (a) illustrate the relationship of 3 points: P , Q, R on
a curve; (b) shows a curve which is labeled in green color
and has the shape of rotated number ”5”. The figure on the
background shows the value of curvature of the curve.

The curvature is define as the angle between
−−→
PQ and−−→

QR. Figure. 4 (a) shows the relationship of P , Q, R and the
Equation. 1 define the curvature. The curvature becomes larger
as the curve is more crooked at a point. If a point belongs to
a line segment, its curvature is close to 0 theoretically. As
Figure. 4(b) shows, the curvature of the vertexes of the broken
line is very large but the curvature of the straight part is close
to 0 and the crooked part is between them. As these 3 kinds
of curves have curvatures in different interval, it is easy to
distinguish them.

Step 1: Split the broken line. The curvature of the vertex
of a broken line can be very large. As Figure. 4 (b) shows, the
peaks of the the curvature are corresponding to the vertexes
so we can extract the lines between the peaks easily.

Step 2: Erase the crooked curves. The curvature of a point
in a crooked curve is usually between the vertexes of a broken
line and the points of a straight line. The crooked curves and
lines can be separated by finding a threshold between them.

It is worth noting that step 1 and step 2 is different not
only in identifying the threshold. In step 1, we only erase the
peak because the points near the peak are still belong to the
line segments though their curvature may be very large too.
However in step 2, we just erase the points whose curvature
is larger than a certain threshold.

Step 3: Merged the line segments. As the result of noise
or the result of the random position of the ”end points” of an
occlusion curve, a line segment could be divided into several
sub line segments. We need to merge them before detecting
the polygon. The sub line segments could be identified by
these three conditions: 1. The sub line segments have the same
”slope” which means the angle between the them are close to
0 or π. 2. At the mean time, sub line segments should be
”connected” to each other. ”Connected” means the end points
of the sub line segments are very closed to each other. 3. Two
sub-lines have 2 end points which are near each other, but
the other 2 points are far from each other. Otherwise, the two
sub-lines could be ”side by side” as Figure. 5 shows. Two sub
line segments can be merged only these three conditions are
satisfied. Figure. 7(c) shows the result of merging the sub line
segments.

Fig. 5: The four relationships of two lines, only the lines in
last condition can be merged.

It’s worth noting that the output curves or line segments
of each step above are filtered by length and the very short
curves or line segments are removed before the next step.
Filtering some useless curves and line segments can improve
the efficiency of the algorithm.

D. Deal with the occlusive curve

After all the curves with end points have been erased, the
remain curves are occlusive (which have no end points). Scan
the current edge image and once we find any point belong to
some edge and the point is treated as the end point of the
occlusive curve and the trace process will be start from this
point. The start point could appear in any position and this
may cause a problem as figure. 6 shows. The start point is
near to a vertex in a broken line and a very short curve could
be attained after splitting the occlusive curve. This short line
may be wiped as its length is too short and as a result the part
of the polygon is missing. The polygon can not be detected in
this condition. So we must adjust the start point of a occlusion
curve as figure. 6 shows. Start from any point of the occlusive
curve, we search for the first maxima of curvature whose value
is larger than a certain threshold and adjust the start point to
this point. In this way the result of splitting curve is correct
as Figure. 6 shows.

While tracing a curve, every point is erased after it is
considered as a member of a curve, so we don’t need to worry
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Fig. 6: Adjust the occlusion curve before split the curve.

about the problem of infinite loop. We have compared our
method with a state of the art line segments detection algorithm
(LSD[15]) on some images of phones, Figure. 7 shows that
both of the method extract the line segments of the image and
the LSD method performed a little better than our method as
it extracted some short line segments. However the time cost
of our method is 0.18s and it is much faster than the LSD’s
method (1.03s). The size of the image is 1620x1220.

(a) (b) (c)

Fig. 7: (a) is the result of curve detection, the curves are labeled
in green color; (b) is the up corner of image (a); (c) is the result
of splitting the broken line. It is worth noting that the two long
curves with a corner in (b) are split in (c).

(a) (b)

Fig. 8: (a) The result of line detection of our method; (b) The
result of line detection by LSD method.

V. EXTRACT POLYGONS BASE ON LINE SEGMENTS

In this section, we will introduce the approach to find the
polygons base on the line segments we have attained above.
First we introduce what is and how to build the link-line
model. Then we remove the useless line segments in the link-

line model. At last we traverse the link-line model to find the
polygons.

A. Build the link-line model

A new model is used here and its name is ”link-line”. A
link-line has the whole information of a line and a link-line has
two pointers which respectively point to another link-line. Each
pointer has a flag which means whether this pointer point to
its object’s first end point or the second end point. The linking
relationship of the line segments could be represented by the
link-line model as Figure. 9 shows. A link-line could be ”Dual-
link”, which mean their pointer point to each other as Figure.
9 shows. If a link-line A point to another link-line B, but B
do not point to A and we call the this is a ”Single-link” line
segment. Obviously all the line segments of a polygon must be
dual-link and the work to wipe the single-link line segments
is introduce in next sub-section.

Fig. 9: The linking relationship of a quadrangle.

This is how to build the link-line model: A point of a line
segment may be near to many other points of lines and the
most important step is to select the most appropriate point
(line segment) as neighbor as Figure. 10 shows. For a point
of a line l, first, all the points (line segments) whose distance
to the current point is less than r are selected from all the
line segments (L1 in the equation. 2). Then the point (line
segment) whose distance is the minimum is selected and it
is the appropriate line segment(l3 in the Figure. 10 and la in
the equation. 2) and the pointer of the current line l point to
this appropriate line. Mark whether the appropriate point is the
first or the second end point of its parent line segment. The
link-line model is build by identifying all the pointers of all
the line segments.


L = {l1, l2, ..., ln}

L1 = {li ∈ L|distance(li) < r}
la = {li ∈ L1|distance(li) = min(distance(L1))}

(2)

B. Remove non-dual link-lines

As a member edge of a polygon, the line segment should
has two neighbors and both the neighbors have a dual-link
with the line segments as Figure. 9 shows. The next step is to
remove the link-lines which have any non-dual link.

Step 1: Traverse the line segments set L to check whether
these line segments have any non-dual links. If there is no
any non-dual link, the process is over, otherwise erase the line
segments which contain a non-dual link from L.
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Fig. 10: This figure shows how to select the appropriate
neighbor of a line segment.

(a) (b)

(c) (d)

Fig. 11: (a) illustrate the lines which are extracted from the
curves and we can see that the curve around the coin has turn
to several lines; (b) illustrate the result of erasing some short
lines; (c) is the result of erasing the isolate line segments; (d)
is the result of merging the line segments.

Some line segments have two dual-links but they are still
not a part of a polygon as Figure. 9 shows (l6). That’s because
its connected neighbors have a single-link. This is how to deal
with this condition: For line segment l6, when its neighbor l5
or l7 which has a single link was erased in step 1, l6 could be
erased by repeating step 1.

Step 2: Repeat the checking-and-erasing process as a cycle,
until there is no line segment in set L which has non-dual links.

C. Extract the Polygons in link-line model

After removing the non-dual link line segments, All the
remain line segments have two dual-links for each end point,
and that means all the line segments remained are part of some
polygons. So the next step is to traverse the link-line model to
find the polygons.

Select the first line segment as start, scan the other line seg-
ments and find the connected neighbor and find the neighbor’s

neighbor and so on until going back to the first line segment.
Now we have got all the line segments of a polygon. Erase the
line segment as it has been identified as a part of a polygon to
avoid the infinite loop. The condition ”a line segment is part
of two or more polygons” is not considered here.

The line segments of a polygon have been attained but it
is not over yet. ”Find a polygon” means getting the positions
of all the vertex points. we get the vertexes of a polygon
by calculating the intersections of each two adjacent line
segments. Now, the polygons have been detected and Figure.
13 shows the result of two images of mobile phones.

(a)

(b)

Fig. 12: (a) is the demonstration that how we get an occlusion
among the line segments; (b) shows that the ”chain” of the line
segments is not occlusion and as a reslut these line segments
can not compse a polygon.

VI. POLYGON LOCALIZATION

In this section, we will calculate the position of the poly-
gons in the world coordinate system in 6 degree-of-freedom
(DOF). In 3D world coordinate system, a polygon’s geometric
center has 3 position variables x,y,z and 3 orientation variables
α, β, γ. Locating the polygons means getting these 6 variables
but first we calculate some vertex points of the polygon.
It is easy to understand that the 6 DOF coordinates of the
geometric center of a polygon can be determined when the 3-
DOF coordinates of 3 vertex point of a polygon are given
(a plane can be identified by three points). Consider p,q,r
are three vertex points of a polygon in the image and Their
corresponding points in the world coordinate system is P ,Q,R.
u,v are the coordinate in the image system and the unit is raw
and column. x,y are the coordinate of the camera system and
the unit is mm as equation 3 shows.


x = k

(
u− w

2

)
y = k

(
v − h

2

) (3)
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(a) (b)

(c) (d)

Fig. 13: The result of polygon detection and the polygons are
labeled with red color. (a) is the result in a pure background,
and (b) is the result in a relatively complicated environment.
(c)(d) is the result of frame and we only detect the inner
quadrangle here as it is used in localization

The k is the distance between adjacent pixels on the CCD.
Usually the distance of horizontal and the vertical direction are
the same. The w and h respectively is the width and height of
the image, the unit is pixel. Though these parameters can be
referred in the data sheet of the camera, we often adjust them
by calibration for precise localization result.

xp = − d

zP
xP , yp = − d

zP
yP

xq = − d

zQ
xQ, yq = − d

zQ
yQ

xr = − d

zR
xR, yr = − d

zR
yR

(4)

Fig. 14: The geometry graph of the perspective projection

Equation. 4 shows the perspective projection, d is the
distance between the origin to the image plane (the CCD),
as Figure. 14 shows, d is very closed to the focal length but

not equal. its value could be attained in calibration. P ,Q,R
actually compose a triangle, which means that

∣∣∣−−→PQ∣∣∣ and
∣∣∣−−→QR∣∣∣

are constant, and the angle between
−−→
PQ and

−−→
QR are constant.

Follow equations (equation. 7) could be attained.

(xP − xQ)2 + (yP − yQ)2 + (zP − zQ)2 =W 2 (5)

(xQ − xR)2 + (yQ − yR)2 + (zQ − zR)2 = H2 (6)

(xQ−xP )(xQ−xR)+(yQ−yP )(yQ−yR)+(zQ−zP )(zQ−zR) = 0
(7)

We assume that
∣∣∣−−→PQ∣∣∣ = W ,

∣∣∣−−→QR∣∣∣ = H and

cos<
−−→
PQ,

−−→
QR > = 0 here, for the convenience of the

experiment in the next section.

Throughout equation. 4 to equation. 7, there are 9 variables
and 9 isolate equations and the. So the number of solution is
more than or equals to 1. At the mean time, It is easy to
understand that There is always one correct solution because
the polygon exists in the world coordinate. So the equations
4 to equation. 7 always have appropriate solutions. Figure. 15
shows the result of polygon localization and the coordinates
of P ,Q,R.

Fig. 15: The result of polygon localization, the polygon is
labeled in red color, and the coordinates of the three points is
labeled in green color. The origin of the coordinate system is
the center of the camera lens, the origin of (x, y) in the center
of the image.

VII. THE EXPERIMENT AND RESULT

In this section, we will present the environment and the
result of the experiment.

The vision system is consist of an industrial camera and
a microcomputer. They are connected with Gigabit Ethernet.
The product model of the camera is AVT GC1600H mono.
The resolution of the camera is 1620 1220. The focal length
of the camera lens is 12mm.
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The program languages are C++, together with OpenCV
2.4.8 Computer Vision Library. The Operate System is Linux
(Ubuntu13.10).

VIII. CONCLUSION

In this paper, we present a short method to detect and locate
polygons in the image. The first step is to obtain the lines
in the image; The second step is to search for polygons by
traversing the line segments; The last step is to calculate the
coordinates of 3 vertex points of the polygon as 3 vertexes
contain the whole position and orientation information of a
polygon. 50 images of phones and frames are tested and all
result are correct and the precision is about 1mm in test image.
One of the our future work is to make the algorithm more
reliable and robust in complex environments. The other is to
improve the precision of our method.
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