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Automatic buildings detection using Sobel,
Roberts, Canny and Prewwitt detector
Libor Ladányi, Martin Králik1
This work deals with the possibilities of contemporary automatic identification of objects. Automatic object identification
can be done by two computational procedures, namely object detection and object recognition. This work deals with the
automatic buildings detection, specifically. Presented detection is performed using the edge detectors, namely Prewwitt,
Roberts, Canny and Sobel. The main goal of our work was to automate the device for the detection of hazardous substances
in the air, as the detection of hazardous substances is realized by laser-based CBRN (Chemical, Biological, Radiological and
Nuclear) stand-off detectors, which evaluate the measured data from the reflected laser beam. In this case, buildings are the
most reflective surfaces. In order to detect a building, it is necessary to find a suitable edge detector to be used in further
research and serve as a basis for software solution of automatic identification.
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1 Introduction
Currently, there is a significant implementation of automated processes in almost all scientific and industrial
areas. The main reason for this implementation is to increase the efficiency and accuracy of technological processes. A special type of automated technological process
is a process that works with automatic object identification. Automatic object identification is a very complex issue, especially in cases where it is necessary to detect and
recognize various geometrically complex and very similar
objects. In this work, the term automatic object identification represents two parts, namely object detection
and object recognition. Object detection in this work represents a set of mathematical operations applied to the
images obtained from the camera, in order to highlight
objects of interest. Object recognition is the final part of
automatic object identification and in this work, it represents a set of mathematical operations in order to assign
objects from the analyzed image to known objects saved
in the database. This work deals with the detection of objects (buildings) using selected edge detectors and their
comparison.
Automatic object identification (AOI) find its applications mainly in areas such as security, road traffic and
medicine. In the case of security field, AOI is most often used in airport buildings where two AOI methods are
known, facial recognition method and threat detection
method. In addition to airport buildings, border crossings are another most frequent place where AOI is used.
In the case of road traffic, the AOI applies in particular
to the recognition of vehicle registration plate and vehicle
type. In the field of medicine, it is possible to use AOR
for the DNA damage analysis, or in the Mycobacterium
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tuberculosis identification system. Another possible application of AOI is its use in the detection of insulators
in the power system [1-8].
Automatic object identification can be divided according to the properties of objects into two groups, namely
the recognition of stationary objects and the recognition
of moving objects. This work is focus on the automatic
recognition of stationary objects, specifically buildings.
The buildings in our research represent reflecting surfaces for laser beams detecting the presence of hazardous
substances in the air. There are currently several methods used in object detection, such as appearance-based
methods, geometry-based methods and methods based
on feature points. Of the above methods, the methods
based on feature points are currently a very frequently
used method due to its advantages, which include mainly
illumination invariance, viewpoint invariance and scale
invariance. In the methods based on feature points, two
concepts are important, namely the detector and the descriptor, because the choice of a suitable detector and
descriptor can ensure that the above invariance requirements are met. The object detection presented in this
work is based on geometry-based methods, because buildings can be classified as relatively geometrically simple
objects. [9-10].
The object detection algorithms used in this work are
based on edge detectors, specifically the Sobel, Canny,
Prewwitt and Roberts edge detectors are used. The task
of edge detectors is to determine places in the image with
a significant change in brightness intensity. The advantage of edge detectors is that the edges can be considered
invariant to changes in illumination and viewpoint [11].
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2.3 Canny detector

2 Theoretical background
2.1 Sobel detector
The Sobel detector can be characterized as a simple
detector of the horizontal and verticality of the edges of
the analyzed objects. The Sobel detector is defined by
two matrices (masks) with dimensions of 3 × 3. The first
mask is used to calculate the gradient Gx in x direction
and the second mask to calculate the gradient Gy in y
direction. The above masks are defined by the equation
[12]
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Edge detection using a Canny detector is currently
one of the most widely used and popular methods [1517]. The Canny edge detector algorithm can be divided
into four steps. In the first step the image is smoothed
using a Gaussian filter. In the second step, the calculation
of the absolute magnitude G in (3) and the direction
∆ (4) of the gradient is realized. Calculation of gradient
components Gx and Gy is realized as a 2D convolution
of the Sobel operator (1) and matrix If representing the
smoothed image. The third and fourth steps are nonmaximum suppression and thresholding [16].
Image smoothing (filtering) is realized by convolution
of a Gaussian matrix (Gaussian averaging operator) and a
matrix representing an image. To calculate the Gaussian
matrix, it is possible to use the relation for the calculation
of the two-dimensional Gaussian function, [18]

where hx or hy are also called the Sobel operator. Calculation of gradient components Gx and Gy is done by
2D convolution of the Sobel operator and matrix I representing the image, [12]
Gx (y) = hx (y) ⊗ I.

(2)

In the next step, it is necessary to calculate the absolute magnitude G of the gradient and the direction ∆ of
the gradient using the following equations, [12-13]
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where σ 2 representing the variance. The Gaussian matrix
(5 × 5) can then be written in the following form
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As in the case of the Sobel detector, the Roberts detector is defined by two matrices (masks), but with dimensions of 2 × 2. The Roberts detector is simple and
time-saving to calculate, yet it is not used as often as
other edge detectors due to its asymmetry. The matrices of Roberts detector (Roberts operator) are defined by
equation [11-12], [14]
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2.2 Roberts detector
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Calculation of gradient components Gx and Gy is
realized in the same way as in the case of the Sobel
detector, ie by 2D convolution of the Roberts operator
and matrix representing the image. Magnitude of the
gradient is defined by (3) and the direction ∆ of the
gradient, by
Gy  3π
(6)
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In practice, however, a normalized Gaussian matrix is
used, which is defined as follows [18-19]
2πσ 2
2πσ 2
=G
sum(G)
6.1689
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Fig. 1. (a) – original image, (b) – image converted to grayscale format, (c) – edge detection using Sobel detector, (d) – Prewwitt detector,
(e) – Canny detector, and (f) – Roberts detector
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Fig. 2. (a) – original image, (b) – image converted to grayscale format, (c) – edge detection using Sobel detector, (d) – Prewwitt detector,
(e) – Canny detector, and (f) – Roberts detector

2.4 Prewitt detector
The computational algorithm of the Prewitt detector
is similar to that of the Sobel detector. The matrices

(masks) of Prewwitt detector are defined, [12] as
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Fig. 3. (a) – original image, (b) – image converted to grayscale format, (c) – edge detection using Sobel detector, (d) – Prewwitt detector,
(e) – Canny detector, and (f) – Roberts detector
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Fig. 4. (a) – original image, (b) – image converted to grayscale format, (c) – edge detection using Sobel detector, (d) – Prewwitt detector,
(e) – Canny detector, and (f) – Roberts detector

3 Results and discussions
We have divided dealing of automatic object identification into two parts, object detection and object recognition. In the first part of our research, we decided to use
the methods of the most well-known edge detectors for
automatic object detection. To find a suitable edge detector, comparison of Prewitt, Canny, Roberts and Sobel
edge detectors was performed.Figures 1-4 show original
images of different buildings from different distances us-

ing optical zoom and images after application of the presented edge detectors. Of all the presented edge detectors, the Roberts edge detector shows the worst results,
while the most satisfactory results are observed using the
Canny and Sobel edge detectors. The edge detection in
all cases was based on the theoretical foundations given
in the chapter describing the theoretical background.
Due to the optimal results of the Canny and Sobel
edge detectors, these two edge detectors will be used in
the next steps of our research. The Canny edge detec-
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tor is the most time consuming in terms of calculations
compared to other detectors published in this work. The
computational complexity lies in the fact that the Canny
edge detector requires two mathematical parts, namely
the convolution of the original image with a Gaussian
filter (9) and then the convolution with the Sobel operator (1). Despite the computational complexity, we decided to implement the Canny detector in our software
solution, due to its favorable results. For this reason, our
next work will be mainly consist in significantly suppressing the computational time required to detect edges using
the Canny detector.
Table 1. Parameters of analyzed images

Figure
Format
Resolution
Bit depth
H-resolution (dpi)
V-resolution (dpi)
Size (MB)

1(a)
BMP
720
× 576
24
16
16
1.18

2(a)
JPG
4000
× 3000
24
72
72
2.64

3(a)
BMP
720
× 576
24
16
16
1.18

4(a)
JPG
4000
× 3000
24
72
72
2.89
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