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Abstract — This paper describes the implementation of
two digital image processing methods for pattern
recognition, by color boundary method and the Haar
Cascade Classifier to detect objects in a video stream,
both methods implemented on Python 3 and OpenCV.
Patterns detection of images obtained from drones has
advantages over traditional video recording drones. The
drone has a streaming video system, based on the
Raspberry Pi 3 minicomputer, which is sent by wireless
communication to the base station where a pattern
recognition algorithm performs operations on the video
source coming from the drone. This proposed system has
excellent performance based on an integrated streaming
video system with 5.8 GHz Wi-Fi connection acceptable to
the base station. Both methods proved to be valid for
certain types of patterns and objects under different light
conditions.

Keywords—Digital image processing, Pattern recognition,
Boundary color detection, Haar Cascade method for customized
object detection, Video Streaming, Wireless communication,
Aerial robots, Drones.

I. INTRODUCTION

The pattern recognition is an essential field of research what
makes patterns recognition systems is to identify, classify,
detect and find useful information in images or video sources
[1]. The development of techniques as well as methods based
on finding relevant characteristics of a pattern or object can
be detected due to a large number of objects have geometric
forms such as a square, a circle. Binary transformations or
filters are used to highlight the object in the image and are
finding contours to identify objects of geometric and
detectable shapes.

In 2001, Paul Viola and Michael Jones presented an approach
for visual object detection which minimizes computation
time while achieving high detection accuracy [2]. The
approach was used to construct a face detection system, but
can be used to detect various other desired patterns.
Unidentified air vehicles* can carry easily connected devices
on board, electronic devices that can be used for navigation
of the same UAV and for acquiring and sending information
relevant to the ground station for specific purposes.
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This study examined the potential to use computer pattern
recognition from images of an informative video collected
from a UAV. The images captured through UAV were
automatically analyzed using the patterns recognition
techniques proposed by Viola-Jones. The developed
algorithms use Python and OpenCV tools. A quadcopter
UAV model will be transporting a Raspberry Pi Mini
Computer Board and sending the information over a Wi-Fi
antenna to the base station for the video processing. It is
believed that automated image processing techniques can
provide clear advantages for rapid asses the large volume of
images generated during a UAV-based survey to detect,
recognize patterns or objects, and quantify potential targets
in different environments where manual techniques are labor
extensive, time-consuming and possibly less accurate.

II. CONVENTIONAL APPROACHES OF PATTERN RECOGNITION
FOR DRONES

A. Object Detection

Digital images Processing uses an image that process
transforms and manipulates through mathematical operations
to obtain specific features or patterns within the digital image.
There are models color designed for different purposes such
as RGB, CMYK mostly used to print and HSV, which is used
most in graphics software such as OpenCV.

The transformation from RGB to HSV due to it facilitates
processing by computer programs such as OpenCV I,

In this paper to process images uses, transformation,
segmentation, operations. S.Y. Shin and T.C. Woo.F
Proposed Linear algorithms for finding the convex hull of a
simple polygon in linear time nowadays is used in digital
image processing programs such as OpenCV that have it
implemented that takes a polynomial named P of n vertices,
each vertex represent6ed by coordinates.

B. Haar Cascade Method

Haar Cascades method is well known because of its accuracy
and fast to face detection, and also it can be customized to
detect the desired object, presented by Paul Viola and
Michael J. Jones [¢l. It came out with new algorithms and
describing machine learning approaches and concepts as an
integral image.



First; Integral Image that allows the characteristics used by
the detector to calculated very quickly.l’l; The second is a
learning algorithm, based on AdaBoost !, which uses a weak
classifier to have a robust classifier. Moreover, the third core
component that is a method for combining more complex
classifiers increasingly in a Cascade which allows
background regions of the image, to quickly discarded if
there is or isn’t an object on the image looking for the features
in the regions or sub-windows.

It was initially tested with 15 frames per second using an Intel
Pentium III processor at 700MHz it was 15 times faster than
any face detection algorithm back then which compared to
now and the various modifications are still used and
implemented in digital cameras to detect faces, eyes, smiles.
Rapid Object Detection using a Boosted Cascade of Simple
Features [1.

C. Video Streaming System

Video Streaming System can be defined in stages first the
content; it may be an event or phenomenon is taking place
and then capture is done by a video camera recording this
process is where video captures encoded by an encoder such
as H.264. Video Streaming systems use a medium to send the
video encoded by a data transmission system using a wireless
communication using Wi-Fi antennas adopting a transmitter
and a receiver to short distances, Wireless LANs provide
high-speed data within a small region, e.g., on campus or
small building, as users move from place to place. Wireless
devices that access these LANs are typically stationary or
moving at pedestrian speeds [,

D. Aerial Robots Drones

The development of aerial vehicles made more
improvements in future models and prototypes, then to move
from having models for passenger transport, for cargo
services and many uses that humans make until they reach
space and it is changing the awareness of people to having a
topographical view.

Quadcopters helicopters are an emerging rotorcraft concept
for the unmanned aerial vehicle . The operating principle of
the quadcopters is the use of four motors to be able to drive,
which balance thrust forces. Figure.1, which is an adequate
control system is needed using microcontrollers and position
sensors and angle by a gyroscope and accelerometer for
which mathematical models such as dynamics are required to
achieve stability in the air.

Fig. 1. Drone’s frame with forces

III. DEVELOPMENT OF METHOD AND ALGORITHMS

Both methods are investigated and analyzed as first is the
boundary color method to detect part of geometrical objects
to extract the object from the images or video. The second
method is Haar Cascade Classifier for customized object
detection or pattern recognition of desired objects as people
and objects of different characteristics taking important
features training classifiers to test them with the desired
patterns.

A. Boundary Color

In order to detect colored circles, the color numbers
composition it must know whether in RGB space color or
HSV space color to use this method red color is chosen and
get their values in both colors space either RGB and HSV,
because RGB is not a right space color for detecting it is
preferable to use HSV color-space. This method selects a
color and geometric shape, in this case, a circle. The program
extracts the object's color, erodes, dilates to highlight the
circular shapes and is detected as can be seen in Figure. 2.
The whole process executed in a streaming video.

a) Select object

b) Color Extracted

¢) Erosion

d) Dilate

e) Detect

Fig. 2. Boundary color method process

B. Train Haar Cascade Classifier

To create a classifier it uses a dataset has been created using
a digital camera photography by setting 18.0 Megapixels
with aspect ratio 1:1 taken in black and white format, the
photos arranged in different position, and various lighting
scheme to take many variants of the images and do flexible
the recognition, later on, the pattern to study will be a letter
“S” inside of a pentagram as shown in Figure 3.

Cascade classifier to train and get relevant features needs a
positive which are used to create a classifier containing all
features that a sample has. The resizing of the process is to
observe at what size is when can get the features in Figure 4,
this samples has two main features a pentagram and S letter.
From 8x8 pixels to 124x128 pixels, a positive image of 32x32
does not it does not look blurry still can observe its features.



The classifier has created along with this work as in Table I,

Fig. 3. Pattern to detect “S” logo melted.

Training | Stages Training time XML file
(d:hh:mm:ss) size
(kilobytes)
1 5 0:00:04:09 5.96
2 10 0:00:13:53 17.0
3 15 0:00:18:41 23.2
4 20 0:01:45:26 34.9
5 25 1:07:21:07 43.0
TABLE I
TRAINING OF CLASSIFIERS

all with high precision. The trained detectors have high
accuracy in Figure 5. Because they were trained carefully in
selecting the positive images, Haar Cascade classifiers
trained with more than 20 stages take time to create an XML
file that due to its file weight works slowly in the program.

a) 8x8 pixels

b) 16x16 pixels

¢) 32x32 pixels

d) 64x64 pixels

e) 128x128 pixels

E—

Fig. 4. Sample Images resized (1cm by lcm).

Detecd

Fig. 5. Pattern Detected

C. System Topology for Streaming System for Drones

The topology of the complete system shown in Figure 6, the
drone has the policy of streaming of video based on a
raspberry pi, webcam and a Wi-Fi antenna which sends the
signal to the Ground Base where the methods had executed.

Digital
| Webeam ‘ >| Raspberry | - Router Tmage
Distance .
Receptor  [—*| Processing
{melers)
s
Drone
Flight Controller Control
DI F450 Drone Ground Base

Fig. 6. Complete system topology

IV. EXPERIMENTAL RESULTS AND COMPARISON

A. Color boundary results

This method has difficulty in detecting the object, seen in
Figure 7. (a) due to several adjustments in the detection
radius more significant than 30 units as well as correct
lighting the detected function. In (b), due to similar colors in
the environment, the detector does not distinguish the object,
in (¢) due to the detection radius change of 10 units the object
cannot found and in (d) the established color range cannot be
detected due to artificial lighting. And make note that here
our main objective is to identify the red ball and we achieve
an accurate result in (a).

Fig. 7. Complete system topology

B. Cascade classifier Results

This method has a 75% accuracy, seen in Figure 8. It is
because in (a), (b) and (c). The detection is not lost. But when
the classifier continues, many characteristics that analyze is
confused as in (d).



Fig. 8. Complete system topology

The drone flying with the system on board as well as the
program being used to detect patterns, it is evident that the
first methods have difficulties in recognizing the object, but
the second method does not lose the pattern in the video is
caught it figure 9.— a summary on video about results
available at https://youtu.be/IgDc2d8ywPo

Fig. 9. Complete system topology

V. CONCLUSION

In this work, the research and realization of digital image
processing methods for the recognition of patterns for
unmanned aerial vehicles could be carried out with excellent
performance. both approaches proved to be valid for certain
types of patterns and objects under different conditions. The
red ball was only used with the first method because it does
not have relevant characteristics and it is easy and quick to
implement to create the model to be used to detect it. Haar
Cascade Classifiers that are trained with more than 20 stages
take time to create an XML file that, due to the weight of the
file, works slowly in the program.
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