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Abstract—Currently, fixed-wing drones have become
indispensable tools for the surveillance of large areas of land,
justified by their better cost/benefit ratio, great flight autonomy,
and payload capacity. In particular, the identification of roads,
traffic control, monitoring of wear on asphalt layers, risk
identification, and safety improvement are applications that are
being implemented in these unmanned aerial vehicles. Tracking a
road requires systems capable of detecting artificial marks
through images employing aerial photographs that allow the
implementation of optimal overflight routes. This research work
presents a solution to the problem of road tracking from aerial
photographs and implements an image processing algorithm and
morphological techniques that calculate and traces the ideal
route for the drone to track automatically, regardless of its
orientation and the type of road.
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I.  INTRODUCTION

Transportation infrastructure, and in particular roads, are of
vital importance for the growth and development of a country,
and even more so for a country like Colombia, since 80% of
the country's cargo is moved by road [1]. Surveillance of these
important roads is normally done through simple methods such
as cameras or with the public forces located in different
segments of these roads. These methods are costly due to the
many elements or people that must be available [2], [3].
Currently, the need to implement new, less expensive methods
for surveillance has forced researchers to investigate systems
that use fixed-wing drones for this task [4]. Such systems take
advantage of the great autonomy and high payload capacity of
these drones [5] for the process of monitoring and surveillance
of roads. This monitoring process cannot be teleoperated due to
the extension of the territories to be monitored; for this reason,
research is aimed at autonomous systems that use digital image
processing algorithms, obtained by the Unmanned Aerial
Vehicles (UAV) themselves; to automatically detect the road
and thus be able to extract elements of interest autonomously

6], [71.

Asphalt roads can be considered extraneous or artificial
features that extend for many kilometers in a natural landscape
[8], [9]. A process used to highlight these landmarks in an
image is called decorrelation stretching (DCS) [10], [11], [12].
The DCS technique is complemented with color detection [13],
[14] and image filtering [15] algorithms; which extract the

violet areas corresponding to the road, leaving it in a binarized
image. It should be clarified that the images used in this
research are aerial photographs of roads taken by fixed-wing
drone overflight; where there are great differences between
them (altitude taken from the photo, direction, light conditions
and brightness, topography, landscape, etc.) which
demonstrates the robustness and efficiency of the developed
system. Once the road is detected, the system can calculate the
extreme points [16] and trace the direction of this obtaining the
optimal route of overflight of the UAV [17] that allows
following the road for many km.

To recapitulate, the proposed system incorporates a
decorrelation stretching algorithm and filtering and color
detection algorithms to automatically detect a road in an aerial
image. In addition, it proposes an algorithm that allows
computing the optimal overflight path of the detected road by
implementing the endpoints of the detected road. These
contributions are described in detail in the following sections,
which are organized as follows: Sections Il and 111 present the
general definitions and methodology used respectively, and
section 1V presents the results obtained.

Il. METHODOLOGY

This research contributes to a joint operation of
decorrelation stretching algorithms (DCS), image filtering, and
color detection algorithms together with image processing
libraries developed entirely in MATLAB. They allow detecting
and calculating a flyover route for roads using aerial images. A
description of each of the elements used is presented below.

A. Decorrelation Stretching (DCS)

Decorrelation stretching is a process that improves the
color differences found in an image by removing the inter-
channel correlation found in the image pixels. Decorrelation
stretched images provide an overview that improves spectral
reflectance variations; that is, it improves color differences in
images with high inter-channel correlation [11], [12].

Therefore, using DCS is useful for intensifying the color
difference between roads and the surrounding landscape in an
image, which facilitates the detection of roads. Fig. 1 shows an
image of a road subjected to the decorrelation stretching
process implemented in this research; in it, you can see the
color difference between Fig. 1 (a) and (b), in addition, you can
see the violet hue that takes the road to be detected.
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Fig. 1. (a) Aerial View of the Road from Stock Photo 2024801798 [18], (b) Image Processed by the Decorrelation Stretching Algorithm, (c) Point Spread Cloud
of the Original Image, (d) Point Spread Cloud of the Resulting Image.

The decorrelation stretching is a linear operation in pixels
in which the parameters depend on the values of the original
image statistics and the target image and can be expressed
using the following equations [19].

b =T x*(a—m)+m_target (1)

a and b are vectors of n bands times 1, T is the linear
transformation matrix and m contains the mean of each band in
the image, m_target are vectors of n bands times 1 containing
the desired output mean in each band. The linear
transformation matrix T is calculated by performing a proper
decomposition of the correlation matrix as follows:

Corr = inv(SIGMA) * Cov * inv(SIGMA) 2
1
Sk, k) = JLAMBDA(k k) @)

Where S(k,k) is a diagonal matrix containing the
stretching factors for each band; finally, the matrix T used in
(2), is calculated through:

T = SIGMA_targetV SV'inv(SIGMA) 4

Although the decorrelation stretching process is usually
implemented in RGB format images [20]; the operations
proposed here can be applied to any multiplane matrix.
Therefore, the algorithm can be applied to images in other
formats. For this research the image was processed in HSV
format; since it takes advantage of the high stability of this
format to the changes of brightness and luminosity in the
image; which benefits the detection [21].

In Fig. 1 (c) and (d), you can see the cloud of points
representing the dispersion of pixel values in both the original
and the resulting image; image (c) is much less dispersed than
(d); which demonstrates the color differences between the two
images, eliminating the high correlation between channels.

(b)

02
saturation (Band 2) L) value (Band 3)

(d)

B. Color Detection and Image Filtering Algorithm

Color detection is a technique used to separate objects
containing colors of interest into the different existing color
spaces; it is important to clarify that color spaces are nothing
more than a representation of how machines understand the
existing color in the real world [22]. An image in RGB format
is made up of three matrices representing the level of red,
green, and blue in the image; therefore, the combinations of
these three matrices give rise to a wide range of colors ranging
from black to white. A color segmentation algorithm reads the
three matrices that make up the image and extracts from them
the pixels containing the target color; usually, the output of this
algorithm is a single plane or binarized matrix which contains
in white the pixels corresponding to the target color and in
black the other pixels; which are considered as the background
of the image (see Algorithm1).

Algorithm 1. Color Detection

Start Variables;

create an array of zeros the size of the image
For a=1: up to the number of rows

For b=1: up to the number of columns

If (Image (a,b,R)> threshold)

If (Image (a,b,B)> threshold)

If (Image (a,b,G)< threshold)

transform into 1 pixel with the target color
End If

End If

End If

End For

End For

Algorithm 1 shows the implemented color detection; in this
algorithm, it is observed that the function goes through the
color image and transforms the pixels corresponding to the
target color. This procedure is achieved through a function that
defines the transformation threshold, see Fig. 2.
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Fig. 2. (a) Binarized Image Employing the Color Detection Algorithm, (b)
Filtered Image.

From Fig. 2(a) the need for the image filtering algorithm is
evident. The process of image filtering is that which removes
unwanted objects or noise from the original image. There are
innumerable image filtering methods or functions [23]; but one
of the most widely used is bwareaopen (Binarylmage,
minPixels) object size filtering. This function removes objects
from a binarized image that contain less than the minimum
number of pixels specified by minPixels; such a filtering
process finds the connected components of the binarized image
and calculates the area (in pixels) for further removal. Another
filter implemented is the imfill function (BW, locations), which
performs a flood fill operation on the background pixels, and is
used to eliminate noise in the detected objects. It should be
noted that this function removes all black objects surrounded
by white elements in the image. Fig. 2 (b) shows the result of
the image filtering algorithms implemented in this research.

I1l. IMPLEMENTATION

The developed system is composed of two main operational
blocks: the first block oversees detecting and extracting the
existing roads in the processed image; this block makes use of
the technique of stretching by decorrelation and conventional
image filtering, see Fig. 3. The second block aims to develop
an algorithm that calculates the optimal overflight route for a
UAV to follow, this algorithm will be explained in full in the
next section and is a creation entirely developed by the authors
of this research.

A. Overflight Route Calculation for Autonomous Navigation

Calculating the overflight route that allows autonomous
navigation for extended periods is essential in video
surveillance systems [24] [25]; this calculation must draw a
straight line between the start and end points to maximize the
capabilities of the fixed-wing drone and minimize its fuel
consumption. The problem is that most roads are not straight
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(see Fig. 4 (@), therefore the system must calculate the
orientation (horizontal, vertical, diagonal, etc.) and direction of
the road to calculate an overflight route (in a straight line) that
allows overflying the entire road.

Start
Image capture

Decarrelation stretching

Color detection

Image filtering

overflight route calculation

End

Fig. 3. Block Diagram of the Developed System.

Fig. 4. (a) Road Detected by the Algorithm, (b) Automatic AUV Overflight
Route Calculation.

Fig. 4(a) shows the result of the road detection algorithm.
Here it can be seen that the road is not detected as a single
element; but as multiple elements that are added together to
give the totality of the road. These interruptions in the
continuity are due to external elements that prevent its
detection and with which the route calculation algorithm must
deal. The proposed overflight path calculation algorithm starts
by identifying the endpoints of each element, which can be
seen in red in Fig. 4(b). The function in charge of calculating
the endpoints by morphological processing is called
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regionprops (ImageBina,'Extreme’) [26]. Then the image is
divided into four equal quadrants, and it is calculated which of
these extreme points for each quadrant is higher, lower, left,
and right than the others; which determines the orientation and
direction of the road. Once these points have been calculated,
the start and end point of the route is calculated as the midpoint
between these points, see Algorithm 2.

Algorithm 2. Navigation route calculation

Start Variables;
for a=1: up to the number of items detected
calculations of the extreme points of each element
if (the element is the highest)
save highest_item

else if (is the lowest)

save lowest_item
else if (is the most to the left)

save left_item
else if (it is the most to the right)

save right_item
end if
end for
%%% horizontal or vertical direction calculation

if (highest_item < left_item)
fl=fminl+(fmaxI-fminl)/2 % top point

else

fD=fminD+(fmaxD-fminD)/2 % left point
end if

if (lowest_item > right_item)
cU=cminU+(cmaxU-cminU)/2 % down point
else

cD=cminD+(cmaxD-cminD)/2 % right point
end if

paint line on the detected points
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Distrital Francisco José de Caldas. The implemented system
operates pixel by pixel on the input matrix. Table | shows the
time report; here it can be seen that the time that contributes
most to the system depends on the number of elements that
were detected; since the algorithm for calculating extreme
points and calculating the route must be applied individually to
these elements.

The automatic road detection and overflight route
calculation system was tested with different images taken by
fixed-wing drone overflight. These images were taken with
different cameras at different altitudes and different times of
the day to demonstrate the robustness of the algorithm.

Fig. 5 shows the response of the developed system; it is
observed that the system can detect and calculate the overflight
path for roads going vertically, horizontally, or diagonally;
demonstrates the effectiveness of the algorithm for images with
different illuminations; double-lane roads, and cars. Finally,
demonstrate what happens to the algorithm if it encounters
intersections, elevated bridges, round-point, and other elements
that are usually present on the road.

As the algorithm is designed to run on a mini pc on board
the aircraft, the validation of operation was performed using
different processing units. Fig. 6 shows the response time of
the algorithm on different processors; it should be noted that
these times were measured using the same image in which five
elements were obtained after binarization.

IV. RESULTS

The algorithm was implemented on a computer with
Windows 10 Pro 64bits operating system, Intel(R) Core (TM)
i3-3110M CPU 2.40GHz (4 CPUs), RAM 12288MB, and
MATLAB 2020b Update 5 under license from Universidad

Fig. 5. Tests of the Algorithm with Photos taken from Different Environments and Altitudes.

TABLE I. SYSTEM PROCESSING TIME MEASUREMENTS
Time Report [seconds]
o Number of Detected S
Image size in pixels Objects Time in Seconds
33.000 3 0.2488
50.246 1 0.1113
50.246 2 0.3273
50.325 3 0.2526
50.400 1 0.0977
50.400 3 0.4041
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Celeron Na100, CPU 1,10 GHz .61
Atom x5- Z8350 CPU 1.4 GHz 0.58

Intel(R) U4100 CPU | 30GHZ? 053

Intel i3-3110M CPU 2400Hz 0,38

Seconds
Fig. 6. Algorithm Response Time with Different Processors.

V. CONCLUSIONS AND FUTURE WORK

As can be seen in Fig. 5, the performance of the system is
high since it can detect the road in photos taken with different
devices at different heights and with different degrees of
illumination. It is important to emphasize that the overflight
path calculation algorithm is a novel proposal of the
researchers, this calculation is performed through the endpoints
of the detected road.

Although the decorrelation stretching algorithm has been
implemented to highlight the color difference in an image; its
use to detect roads in aerial images is a proposal introduced in
this research. This proposal demonstrates its robustness since it
can separate the colors of the road and the landscape in
different aerial images.

Finally, as can be seen in Fig. 5(¢) the system can make a
coherent decision when encountering intersections, elevated
bridges, round-point, and other elements that are usually
present on the road. Thus, demonstrating the high degree of
stability and applicability of the proposed solution; ensuring
that the road detection system can be applied in various
environments since it can be functionally adapted to various
road environments.

Although the algorithm was tested in a specific task, this
implementation offers the possibility that it can be used in
various fields of the productive sector. Since the proposed
solution allows for the identification clearly and punctually of
artificial long objects in a natural landscape. The next step is to
complement the system with algorithms that can automatically
detect anomalies (pipeline monitoring, fire outbreaks, traffic
jams, suspicious vehicles, etc.) that may occur during the
overflight of the drone, and thus seek to complete an
autonomous aerial tracking and surveillance system.
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