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Summary :

Virtual drag and drop technology using Open CV and Arduino is one of the innovative
technologies in the field of computer vision and electronic interaction. This technology allows users
to drag and drop digital elements onto the screen using hand gestures.

This technology is based on a connection between a computer and an Arduino board and
using the Open CV library for image processing and hand movement analysis. A camera is used to
capture the movement of the hand and locate it on the screen. Arduino receives the signals sent from
the computer and performs the actions required to achieve the drag-and-drop operation.

Keywords: Open CV, Computer Vision, hand movement, Arduino Python, Virtual drag-and-drop.

Résumé :

La technologie de glisser-déposer virtuel utilisant Open CV et Arduino est I'une des
technologies innovantes dans le domaine de la vision par ordinateur et de l'interaction électronique.
Cette technologie permet aux utilisateurs de faire glisser et déposer des ¢éléments numériques sur
1'écran en utilisant des gestes de la main.

Cette technologie est basée sur une connexion entre un ordinateur et une carte Arduino et
utilise la bibliothéque Open CV pour le traitement d'images et 1'analyse des mouvements de la main.
Une caméra est utilisée pour capter le mouvement de la main et le localiser sur 1'écran. Arduino
recoit les signaux envoyés par l'ordinateur et effectue les actions nécessaires pour réaliser 1'opération
de glisser-déposer.

Mots-clés : CV ouvert, vision par ordinateur, mouvement de la main, Arduino Python, glisser-

déposer virtuel
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Introduction General

Introduction General:

Virtual drag-and-drop technology using Open CV and Arduino provides an intuitive
Interactive interface for users to drag and drop digital elements onto the screen using hand gestures.
This technology requires the use of a camera to analyze the movement of the hand and locate it on
The screen, while the Arduino takes care of receiving the signals and performing the required
Actions.

In the first chapter we talked about, you will learn the basics and overview of a computer
Vision system. This chapter allows you to look at it from a broader perspective to address computer
Vision problems. In the second chapter, computer vision has movement Recognition.

With advanced algorithms and technologies, computer vision systems can

Accurately analyze and interpret human hand movements.

Finally, in the practical chapter, prepare the hardware and software components and then
connect these components, Next, the Python code is written and tested, then the code is integrated
with the Arduino board.

Finally, the system is tested with different motions and objects to evaluate its performance



Chapter I

General Overview of Computer Vision Systems



1. Introducing:

Computer vision systems are technologies that enable computers to perceive, analyze, and interpret
visual information from digital images or videos. These systems mimic Chuman visual perception
and use algorithms and techniques to extract useful information from visual data

In this chapter, we will talk about ways to solve computer vision problems

1.1. Definition of computer vision

Computer vision is a field in computer science and artificial intelligence that is concerned
with developing techniques and tools for analyzing, understanding, and extracting information from
digital images and videos. Computer vision aims to enable computers to understand and interpret
visual content in a similar way to humans.

Computer vision encompasses a wide range of technologies and concepts, including shape
recognition, people and object recognition, motion recognition, 3D imaging, face recognition,
motion control, and many more. Computer vision is used in many fields such as robotics, face
recognition, security and surveillance, medical image analysis, augmented and virtual reality, and
others.

The way computer vision works depends on a set of steps that include converting images and
videos into digital data, and then applying various techniques to analyze and process this data. This
includes using algorithms, tools to detect landmarks and objects, recognize shapes and faces, track
motion, and extract visual information.

The process begins with converting photos and videos into a digital representation using sensors
or cameras. Digital processing techniques are then applied to enhance the image, reduce noise, and
adjust color and contrast.

Then, analysis and recognition techniques are applied to extract the required information from
the image. Machine learning and deep learning techniques can be used to train models to recognize
and classify shapes, objects, and faces.

Then, motion tracking and analysis techniques are applied to track motion in a video or
sequence of images and analyze it to extract motion-related information . [1]

1.2. Computer Vision problems

To solve a complex problem such as In order to solve a computer vision problem, for example, it is
important to break it down into simple and manageable sub-steps and to understand the purpose of
each step. The purpose of this chapter is to show how to approach a computer vision problem and
how to model the problem with a generic model template. [2]



Figure 1.1computer vision architecture

Arduino is solely responsible for collecting sensory information such as temperature or humidity
from the environment and transmitting this information to the vision controller's Open CV system.
The communication between the vision system and the Arduino system can be wired or wireless as
the Arduino easily handles both. After the vision system has processed the data coming from the
Arduino and the webcam, the detection (or recognition) is complete. For example, can even recognize
your face. The next step is to respond to this request by sending commands to the Arduino chip and
taking the appropriate action. These actions could power a fan to cool the room, move a robotic arm
to serve coffee, etc.

Any computer vision system consists of well-defined design In this chapter organized for data
acquisition, pre-processing, image processing, post-filtering, detection (or acquisition), and
commissioning. This research covers all of these steps in detail with a practical approach. We can
draw a general outline of a computer vision system by mapping the steps to their implementation
platforms. For an overview of the process of the vision system, see the figure below:

Data Pre- Image/Video Pror o g
Acquisition processing Processing Post filtering Recognition Actuation
A K
Arduino + Sensors OpenCV Arduino * Sensors
& on &
Webcam computer or smartphone or tablet or microcomputer Actuators
Communication Communication

Figure 1.2.Process overview of the image processing system

1.3. Data acquisition

As you can see, the first step is data collection, which usually involves collecting sensory
information from the environment. From the visual controller's point of view, there are two main
sources of data: the camera and the Arduino system. The



Camera is the best sensor to mimic the human visual system and is directly connected to the vision
controller in our schematic. Using Open CV is data acquisition capabilities; the vision controller reads
video data from the camera. This data is a snapshot of an image or movie created from a series of
images over a period. The camera can be of different types and categories.

In the simplest categorization, the camera can transmit analog or digital data. All of the cameras
used in the examples in this book are digital because the computer environment and computer
operations are also digital. Each element of the image is called a pixel. In digital imaging, a pixel,
pixel, or -pixel is a physical point in a raster image, or the smallest addressable element in a all-
point-addressable display device. it is therefore the smallest controllable element of the image
displayed on the screen . For more information, cameras can also be classified based on their color
recognition capabilities. RGB cameras are able to recognize both the main components of colors and
a large number of combinations of these colors. Grayscale cameras can only see the scene in
grayscale. Therefore, these cameras provide shape information instead of color information. After
all, binary cameras only detect a black or white scene. By the way, a pixel in a binary camera can
only have two values: black and white [3].

Another classification of cameras is their communication interface. Some examples are USB
cameras, IP cameras, wireless cameras, etc. The communication interface of the camera also has a
direct impact on the usability and capabilities of this camera. We usually have webcams with a USB
interface. USB webcam use typically does not require external power sources or external components
to get in the way of using the camera. It is therefore very easy to use a USB webcam for imaging
tasks. Cameras also have properties like resolution, but we will cover camera properties in later
chapters.

Common USB cameras, often used as webcams, provide 2D images. In addition to 2D camera
systems, we now have 3D camera systems that can see the depth of every element in a scene. Probably

the best-known example of 3D camera systems is the Kinect shown here:

Figure 1.3.systems camera 3D

Open CV supports different types of cameras and it is possible to read video information from all
these cameras through simple interfaces, as this issue will be discussed in the following chapters with
examples. Remember that capturing images is a crucial step in the viewing process and we have many
options. In general, we need information beyond that provided by the camera to analyze the
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environment around us. Some of this information relates to our other four senses. In addition,
sometimes we need additional information beyond human capabilities. We can collect this
information with Arduino sensors. Imagine you want to create an automatic door lock project with
face recognition.

The system is likely to be activated by a knock on the door or a doorbell. You need a sound sensor
that responds to a knock on the door or a doorbell. All this information can easily be gathered from
the Arduino. We add a fingerprint reader to make it doubly secure! This allows you to combine the
Arduino and camera data to get inferences about the scene in which the vision system is running. In
summary, the camera and Arduino "with sensors" can be used by the Vision Controller to record the
surroundings in detail! [4]

1.4. Preprocessing

Preprocessing means preparing something for processing. It can contain different types of steps,
but the principle is always the same. We now explain preprocessing and why it is important in an
image processing system. Let us clear something up first. This phase consists of preparing the
collected video data for processing. Preprocessing is required in computer vision systems because raw
data is usually noisy. In the image data we get from the camera, we have many unnecessary areas, and
sometimes we get blurry images due to vibration, movement, etc. However, it is better to filter the
image to make it more usable for our system make. For example, if you want to detect a big red ball
in frame, you only need to remove the small dots or even the non-red parts. All these types of filter
operations will make our life easier. In general, filtering is also performed when cameras collect data,
but each camera has different pre-processing capabilities, and some of them have vibration isolation.
However, as the number of built-in functions increases, so does the cost. So let us look at the filtering
in our project using Open CV. Incidentally, robust vision systems can also be set up with inexpensive
hardware such as a webcam. [5]

The same applies to sensor data. In real cases, we still get noisy data, so the noise has to be filtered
out to get real sensor information. Some of this noise comes from the environment and some from the
internal structure of the sensor. In any case, the data must be prepared for processing; this book will
provide practical means of doing so. It is understood that the complexity of the image data is typically
much greater than any conventional sensor, such as a temperature sensor or a humidity sensor. The
dimensions of the data representing the information also vary. RGB images contain three-color
components per pixel; red, green and blue. To display a scene with a resolution of 640x480, an RGB
camera needs 640x480x3 = 921,600 bytes. Multiplying by three gives the size of each pixel. Each
pixel contains a total of 3 bytes of data, 1 byte for each color .To represent the ambient temperature,
and we typically need 4 bytes of data. This also explains why we need the very powerful devices to
work with images. In addition, the complexity of image filters differs by from simple sensor filters.
However, that does not mean we can't use complex filters in a simple way. If we know the purpose of
the filter and what the filter parameters mean, we can use them easily. This book aims to make you
more aware of the filtering process and how to easily apply advanced filtering techniques. As such,
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filtering serves to extract real insights from data and is an integral part of the computer vision process.
Many computer vision projects fail in development due to a missing filter layer. Even the best
detection algorithms fail on noisy and inaccurate data. Therefore, note the importance of data filtering
and preprocessing. [6]

1.5. Feature extraction by image processing

Probably the most challenging part of the computer vision project is the automated interpretation
of scene. To extract meaning from an image, we use different types of image processing techniques.
Sometimes we need more information than the we can get from a single photo. In this case, the
relationship between the frames of the image becomes important. When such information between
frames is extracted, it is called video processing. Some video processing applications also incudes'
audio signal processing. All principles being the same, video processing is not significantly different
form's image processing.

To understand the meaning of this chapter, it is useful to look at real-world applications of the.
Imagine you want to build a robot with activated vision system that follows a line. A camera is placed
in the middle of the robot and the robot follows a black line on the white floor. To do this, you need
to recognize the line and know whether the line goes to the right or to the left. If the line is to the left
of frame, rotate it to the left to move it to the center. If line is to the right of the picture, turn right as
well. On the sideline, when the line is in the middle of frame, continue. You can also see the orientation
of the lines to better plan your robot's movements. In this example, image-processing techniques shall
be used to detect lines in the image. You will find that the book has a nice set of Techniques to show
you the directions you need to take to solve your problem .At, using these techniques, certain candidate
regions can be obtained in images that can be counted as a line. In order to correctly interpret the
candidate lines, feature extraction must be performed for the image regions. By comparing the
properties (characteristics) of the line candidate system, it is possible to separate the actual lines from
the perturbations such as shadows. Feature Extraction is a pattern recognition and classification term
that means extracting 1087 a small set of information that represents a larger set of information. When
processing images, we extract so-called features such as length, position, image area, etc. Later we
will use these functions to detect and detect all kinds of objects. There are several main approaches to
extracting small groups of useful information from an image Segmentation is the term for it. Image
segmentation divides a digital image into multiple segments (sets of pixels, also known as super
pixels). The purpose of segmentation is to simplify and/or change the representation of the image into
something more meaningful and easier to analyze. [7]

In our example, the candidate lines are image segments. Point analysis is a good way to identify
segments of an image. This is a useful method for finding closed loops in an image. In general, closed
loops correspond to objects in the image. Droplet analysis is also an image processing technique and
will be discussed later. It is now important to understand the idea of feature mining

The information extracted from the image is used in the next stage of the artificial vision system.
Because this processing step abstracts the image, doing it correctly is very important for the overall
image processing system to work. Again, you do not need to know the complicated calculations under
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the hood. Instead, you need to know where and how to use image processing techniques to extract
valuable little bits of information from the scene. That is what the next chapters of this book are all
about

1.6. Recognition or detection

The main purpose of a vision system is to conclude by interpreting pattern using images or arrays
of images. The way to conclusion is cognition or sensing can be considered the basic form of
cognition. The goal is to recognize an object or event. There are two types of conclusions. Objector
event exists does not exist. Due to this binary nature of the find, it is a special classification process
with two classes. The first class is existence and the second is non-existence. “To be or not to be, that
is the question”. Recognition is a more complex term, also called classification, which speaks of the
process of identifying one or more given or learned objects or classes of objects. Face recognition is
a good example of this. The vision system should identify you

by your face. This is usually a complex classification process with many classes. In this case, each
face is a class, so a complex problem. But with Open CV, we have many easy-to-use detection
mechanisms, even for complex problems.

Sometimes complex algorithms take a long time. In addition, in some cases, very fast behavior is
required, especially for real-time performance requirements. In of these cases we can also use
simple but effective decision algorithms. As Leonardo da, Vinci said: "Simplicity is the height of
sophistication". This book also teaches you how to build robust recognition systems using simple
building blocks. [3]

Again, you need to be aware of the purpose of the recognition or classification. This consciousness
shows you the path to success.

1.7. Acting in the real world

Every vision system has a purpose. There are different scenarios like; "When you encounter this
event (or object), perform this action." After a long but enjoyable decision-making process for's vision
system, the next step for would certainly be to act on the results. It is because of the "purpose of
existence"; System. So far everything has been done so that we can take the right steps. Remember
the example of our line-following robot.

The robot recognizes the line and the position of the line in its field of view. It also determines the
direction in which it should go. Would it make sense if the robot knew which direction to move but
could not move? This example also shows the importance of the action at the end. The physical action
managed by the vision controller should affect real life in a physical manner. Good examples are
driving motors to move on, heating an environment, and unlocking a door, triggering a device, and so
on. To do this leads us to the Arduino. It has a huge amount of community support, lots of libraries
on many devices and it is easy to use. Maybe for industrial design, you can go beyond Arduino but it
is a fact that Arduino is a very good proof-of-concept platform for physical interaction with the world.
Arduino is an integrated system that the uses to simplify and ease difficult engineering work.
Therefore, we should like it!



The biggest challenge in using embedded systems to create various physical interactions for is that
many of them are the same in terms of developing the software onboard the waves that can be used
for some kind of dimming function .When outputting square waves with 50% duty cycle; this means
that in a finite time t a pulse appears with a high logic state and in a finite time t with a low logic state.

The software applies the same control principle to completely different devices. If you apply this
square wave to the motor at a high enough frequency, it will spin at half speed. Similarly, if you apply
the same square wave to an LED, the will light up at half its light output. Even with completely
different physical devices, we behave in the same way with the same software.

We should therefore see the inspirational nature of the tools we use to touch the world and if we
have an idea of how to connect them to our system, everything will be fine.

In this research, we present a hardware-independent software approach to how the interacts with the
world. Therefore, while the physical examples depend on the hardware, the same principles can be
applied to any embedded system. There are also cutting-edge tips for artistically interacting with the
world using Arduino [2] .

1.8. Connecting the pieces

In our approach, the vision creation process is broken down into well-defined and easy-to-
implement sub-blocks. Since each block plays an important role in the functioning of the overall
system, each must be efficiently developed based on a few simple rules that make the vision system
robust. When addressing a vision problem, one must first look at the big picture and break down the
problem into meaningful and intrinsically independent components, as we have suggested. This
approach shows you important details and unique solutions to small problems. This is the most
important first step in building futuristic vision systems.

The next step is to put the pieces together and enjoy your art! The approach presented in this chapter
is applicable to any type of vision system, but you should practice more and more in real situations to
solidify your approach. Let us think of a real example: the gesture door opener. At the entrance, there
should be a camera near the door, able to see the movements of each visitor. To make it more useful,
let us activate the motion detection system by pressing the bell. Visitors press the doorbell and show
the camera a gesture with their right hand, and the vision controller opens the door automatically [3].

If's hand gesture is wrong, the door will not open. The first step is data collection, and since we
want to see hand movements, we can use a simple 1024 x 768 30fps webcam. We can convert the
image to a binary format and apply a filter to remove small objects from the image .The hand is
presented in binary mode. Filtering is complete. We now need to perform feature extraction to find
the possible position of the hand in the image. For such a problem, the convex hull method or the blob
analysis can be used and we will discuss these algorithms later. Finally, we get frame with candidate
hand properties as shown in this screenshot
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Figure 1.4.Convex hand structure

As a next step, we need a hand detector. We can use the number of fingers for by applying hand
skeletal analysis and comparing the position of fingers; we can classify the hand gesture. If it is a right
hand gesture, we can send information to the Arduino door opener controller, which will unlock the
door for a limited time to welcome the authorized visitor! You can apply all of these principles to any
problem to get familiar with it. [3]

For, do not focus on the algorithmic details now. Just try to break the problem down into parts and
try to decide what properties you can use to solve the problem. As long as you get used to this
approach, this book will show you how to perform each step and find the right algorithm to do it. Try
the Repeated Approach Garage Door Opener/Lock System that recognizes your car's license plate!

1.9. Virtual drag and drop

Virtual Drag and Drop technology relates to the possibility of dragging and dropping
elements in a virtual environment or a two-dimensional user interface. This technology aims to
enable users to interact with visual elements in a natural and fluid way on computer screens, tablets
or smartphones.

As for the user interface, Virtual Drag and Drop can be used to enable the user to interact with
the elements available on the screen. The user can drag items, such as lists, buttons, or images, to
move them to new locations, or perform specific actions, such as deleting an item or arranging lists.

In relation to Gesture Recognition technology, the gestures used in Virtual Drag and Drop
based technologies can be part of a gesture recognition system. For example, double tap or two-
finger swipe can be gestures used to initiate the drag-and-drop process in Virtual Drag and Drop.

In short, Virtual Drag and Drop technology allows users to drag and drop

The Virtual Drag and Drop technology is related to Computer Vision technology, where
computer vision concepts and techniques can be used to achieve the virtual drag and drop process.

In order to perform Virtual Drag and Drop, the system needs to track the movement of the
cursor and detect the objects you are holding and moving. Computer vision techniques can be used
to analyze video or image signals of a cursor and on-screen visuals. [7]

11



1. Conclusions

We now know how to approach vision projects and how to divide them into isolated pieces, which
make the realization of the projects much easier. We also have some idea about how the complex
tasks of vision systems can be achieved in a systematic way. We also talked about the reason and
importance of each sub-step in the approach. We are now aware of the key points in the approach and
have a solid knowledge of how we can define a solution frame for any computer vision problem. Now,
it is time to get your hands dirty!
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Chapter 11

Application of computer vision in hand movement recognition
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2. Introducing

Gesture recognition technology is changing our relationship with technical devices by providing a
contactless or touchless user interface and opening the door to a completely new world of input
possibilities. The main purpose of this paper is to explore the different gesture recognition and
detection techniques.

2.1. Definition of Gesture Recognition

Gesture recognition is the ability of a computer or device to detect and interpret human gestures as
input. Such gestures include hand movements and even finger-written symbols. The technology
behind gesture recognition involves using cameras or other sensors to capture the gestures [8]

2.2. Methodology

Hand gesture recognition project is done using Python programming language and Open CV as library.
Python programming language produces simple and easy system code to understand. In addition, Python
package used here is Numpy. The image that is captured using web camera will be processed in a region called
as Region of Interest, where act as a region of wanted area while ignoring the outside region, called background.

2.1.1. Hand Segmentation

Segmentation is done to convert gray scale image into binary image so that only two object in image which
one is hand and other is background. Otsu notes again, this algorithm is used for segmentation purpose and
gray scale images are converted into binary image consisting hand or background. A very good segmentation
is needed to select an adequate threshold of gray level for extract hand from background for example there is
no part of hand should have background and background also should not have any part of hand. In general, the
selection of an appropriate segmentation algorithm depends largely on the type of images and the application
areas. The Otsu segmentation algorithm was tested and found to give good segmentation results for the hand
gesture. Otsu algorithm is nonparametric and unsupervised method of automatic threshold selection. The basic
theory of segmentation of hand is by using the equation as follow:

1 :
Pi= gy P20 ij:l
i=1

Where the pixels of a given image are represented in L gray levels [1,2,3,... ... ... ... ....,]ina
digital image of size %, and the number of pixels per plane is denoted by, and the total number of
pixels in the imageis=1+2+3+4 ... ... ... ... ... The normalized histogram has elements. The
above formula was taken from Raphael. To apply formula (1), the image of each frame captured by
real-time video is taken as pixels and compared to other frames. Since each frame contains the same
color value per pixel, the th pixel is considered discarded or removed. They refer to multiple pixels
in each frame and every frame is compared over time. Since none of the pixels between the two
images match, the pixel in the first image retains its contents [9].
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Otsu'stheresholding method loops through all possible thresholds and a pixel-level measure of
dispersion is computed for each side of the threshold, for example, pixels that are in the foreground
or behind the plane. The goal is to find the threshold at which the sum of the foreground and
background spreads is minimal Figure: 2.1. shows how the hand image is obtained from the real-time
video in the grayscale filter, and then the Otsu algorithm, which gives the threshold image, converts
the image.

Figure: 2.1. Comparison between grayscale image and threshold image

2.1.2. Track Gesture of Hand

The limitation of Otsu's three-sholding method is that, as mentioned above, this algorithm only
considers a bimodal image, whereas a bimodal image is an image whose histogram has two vertices.
For this image, Otsu takes the value in the middle of these peaks as the threshold. The then
automatically calculates the threshold from the image histogram for the bimodal image.

This only works when Frame captures an image from a video and converts the RGB format to a
grayscale filter [ 10].

2.1.3. Region of Interest

Region of Interest, or commonly abbreviated as ROI, is a region that will be considered as the
region of, the Region of Interest (ROI) refers to a specific portion or area of an image or video frame
that contains the object or feature of.

Desired area, ignoring the outer area, called the background. To detect the availability of hand
detection, as suggested by Sander, the detected area must be in the same point of the area of interest.
In other words, when the classifier draws the target, in this case the bounding box around the outline
of the hand, the area of the hand should match the area of interest.

Using the conditional area overlay method; the system can determine whether the selected area, in
this case the rectangle around the outline of the hand, coincides with another active area, in this case
the hand itself. By extending this theoretical part of the ROI to be simulated and the hardware
implementation, the process of detecting the appearance of the hand is greatly simplified compared to
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other methods. Figure: 2.2 shows overlapping ROI criteria that can be viewed as overlapping ROI.
These criteria are needed to ensure that the program can identify the hand gesture recognizer . [9]

7 %
V%g

(a) (b) (c) (d)

Keys: % ROIL
% ROI;

Figure: 2.2. Overlapping Region of Interest

For this project, the Region of Interest (ROI) is used to see the gesture of hand because the
implementation for the ROI is suitable to detect the overlapping two regions on it. Besides, the system
will detect only two outputs for each hand gesture recognition. This can be explained in Table 1 as

follow:
Table: 2.1. Application of Region of Interest (ROI).
Region of Interest (ROI) Region implemented for
ROI1 An active region, in this case the hand itself.
ROI2 The rectangle sub-window on the screen. This region is
static or not movable outside the frame of the real-time
video and it highlights an area that involves

2.1.4. Implementation on Simulation and Hardware prototype Hardware
Hardware Prototype Hand gesture recognition was calculated based on the space consumption in
the area between the convex hull and the outline of the palm. The convex scale is used to find the
edge of the user's hand by creating a descriptor where the smallest convex set contains the edges.
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This project uses Open CV library files suitable for any image processing technique.
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Figure: 2.3. Flowchart of Python file for hand gesture recognition

Referring to the block diagram in Figure: 2.3, the Python file generation can be implemented for
both the simulation and the hardware prototype. The main action of the program to recognize the
appearance and hand movement of the is to use the Region of Interest (ROI). In order for programs to
follow the rectangle around the outline of the hand, the program must determine whether in the
selected area of interest, based on the design case, the rectangle would coincide with the hand tracking.
Uncertainty overlaps is viewed to indicate some type of gesture such as a number or character and an
area within area of interest. Uncertainty does not overlap (outside the area of interest), the program
can be viewed as .Show a hand in a box". To plan the area of interest for this project, a set of
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coordinates are recognized to represent the area of the bounding box around the outline of the hand.
This theme has a bounding box, so there is an area of focus that needs to be implemented with any
type of gesture. After generating the main python file, the simulation now begins, where hand tracking
is tested and detects the type of gestures displayed based on the selected area of interest. To run the
Python file you need to connect to the Open CV environment and restart the environment to recognize
the hand with the hair waterfall classifier . [12]

Table: 2.2. Explanations of the Haar-cascade classifier file

Points Explanations
1 This section covers the type of classifier to be used in this project. For this
case, it will use the Open CV and Haar - cascade classifier methods.

2 This is the part where the window size plays a role. The window size means
the size of the specified hand. By default, it is fixed to 24 by 24 pixels.

3 Threshold change and window detection are set. Generally it is

Depending on the type of camera used for hand tracking and gesture

recognition.

4 Each item is repeated approximately 10 times for the cascade classifier

analysis.

In this project, about 10 times were collected with different scales for each posture of to determine
whether the bounding box can detect hand gestures or not. Figure 4 shows how the convex hull is used
to find the edge of the user's hand.

Figure: 2.4. The left figure shows the background (in black), the hand-shape region (in black),

The hand contour (in white), and the convex hull (in green). On the right, convexity defects (in
red).

The initially convex shell is compared to the contours of the hand to detect convex defects where
the defects are where the two differ. First, the vertices of the convex hull are computed, where they
change direction. Next, the hand outline segment between consecutive pairs of consecutive vertices
of the cusp shell finds pixels in each piece to maximize the distance from the cusp shell. This
maximum distanceis called the depth of the defect, and the points are called collision defects .

The proposed hand gesture recognition requires a camera to capture the user's gesture, preferably

against a light background. The test is performed under normal lighting conditions, the system is able
18



to detect and track the user's hand movement, and the segmentation process is able to see the user's
movement and count the edges. Several ROIs distinguish each signal: figure 2.5, Figure2.6 and Figure
2.7 show.

Figure: 2.5. Image captured by web camera

Figure: 2.6. Bounding box without any gesture shown

Figure: 2.7. Recognition of hand showing number 1
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Up to the number 5, all digits and characters were tested. The test results are summarized in Table

23

Table 2.3. Analysis table for Region of Interest

Area in Region of Interest
Events Area of Hull, H Area of Contour, C Area=H-C
0 62879 62879 0
1 13569 10876 2693
Good 13045 10821 2224
2 20646 13744 6902
Gun 20216 13804 6412
3 24362 17113 7249
OK 25468 16922 8546
4 25781 15395 10386
Rawr 20395 14148 6246
5 28383 16822 11561
Stop 33220 19047 14173

To evaluate the proposed detection area, the area per area of interest is taken and calculated using
pixels. From observation, most of the number gesture areas have a larger area than the character
recognition gestures . [13]

Table 2.4. Gesture recognition analysis table

Performance of Haar-cascade Classifier

Events Hits Missed False
1 10 0 0
Good 10 0 0
2 10 0 0
Gun 10 0 0
3 10 0 0
OK 10 0 0
4 10 0 0
Rawr 10 0 0
5 10 0 0
Stop 10 0 0

Whilst in Table 4, the total data collected around 100 samples with different scales for each posture.
Each of the posture with different scale were captured with 10 times to analyze the gesture. Haar-
20



cascade Classifier determine whether the box in the frame could detect the hand Gesture or not. Based
on all of the different sign, the box in the frame were recognizing all of the sign.

However, the program has some limitations such as Changes in the lighting environment still affect
the segmentation process, especially the background removal process. In addition, the user's hand and
the webcam must be in a fixed position in order for the webcam to capture an image with the accurate
area to identify the gesture . [13]
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2. Conclusions

Hand gesture recognition addresses a fault in interaction systems. Controlling things by hand is
more natural, easier, more flexible and cheaper, and there is no need to fix problems caused by
hardware devices, since none is required. From previous sections, it was clear to need to put much
effort into developing reliable and robust algorithms with the help of using a camera sensor has a
certain characteristic to encounter common issues and achieve a reliable result. Each technique
mentioned above, however, has its advantages and disadvantages and may perform well in some
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Chapter 111

Experimental part
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3. Introduction:

The experimental part of the project virtual drag and drop using Open CV (Python) and Arduino involves
setting up the hardware and software components and testing the system's performance. The first step is to
install the necessary software and libraries, including Python, Open CV, and Arduino IDE. The hardware
components, including the camera and Arduino board, are then connected and tested for functionality. Next,
the Python code for hand detection and tracking is written and tested using sample images and video. The code
is then integrated with the Arduino board to enable drag and drop functionality. Finally, the system is tested
with different hand movements and objects to evaluate its performance and identify any limitations or areas for
improvement. The experimental part is critical to ensure that the system meets the project's objectives and
functions correctly.

3.1. Programming part

The programming part of the project "virtual drag and drop using Open CV (Python) and Arduino" involves
writing code in both Python and Arduino IDE to implement the functionality of the project. In Python, the
Open CV library is used to capture and process video input from a camera, detect hand movements using
computer vision techniques, and control the virtual drag and drop actions on the computer screen. The Python
code also establishes communication with the Arduino board over a serial connection to send signals for
controlling the physical robotic arm. In Arduino, the code is written to receive signals from Python over the
serial connection and use them to control the robotic arm . [14].

The Arduino code involves setting up the pins for the motors, writing functions to control the movements
of the motors, and receiving signals to perform the corresponding movements. Overall, the programming part
of the project is crucial for integrating the different components and ensuring that the system functions as
intended. It requires knowledge of both Python and Arduino programming languages and the ability to integrate
them effectively to achieve the desired functionality.

3.2. Explanation of programming code

cap = cv2.VideoCapture(0)

cap.set(
cap.set(

cap.isOpened():

This part of the code initializes a VideoCapture object from OpenCV's cv2 module, which is used
to access the computer's camera. The first line cap = cv2.VideoCapture(0) creates the VideoCapture
object named "cap" and sets the device index to 0, which represents the default camera of the
computer. If you have multiple cameras, you can specify a different index number to access a specific
camera. The next two lines cap.set(3, 1280) and cap.set(4, 720) set the width and height of the video
frame that will be captured by the camera. In this case, the width is set to 1280 and the height is set to
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720. Finally, the code checks if the camera is successfully opened by calling the isOpened() function
on the VideoCapture object. If the camera is not accessible, the code will print an error message and
exit the program using the exit() function.

cap.isOpened():
success, img = cap.read()

img = detector.findHands(img)
ImList, bboxInfo = detector.findPosition(img)

servoX = np.interp(x, [
servoY = np.interp(y, [

This part of the code is responsible for continuously reading frames from the camera using
OpenCV'sVideoCapture() function. The while loop ensures that the process is repeated until the
camera is closed. Inside the loop, the captured image frame is passed to the hand detector object
(detector) to detect the hand and extract the landmarks and bounding box information using
detector.findHands() and detector.findPosition() functions, respectively. The np.interp() function
is then used to map the x and y coordinates of the detected hand to the range of 0 to 180, which
corresponds to the range of motion of the servo motors. The output values of servoX and servoY are
then sent to the Arduino board to control the servo motors for moving the virtual object on the screen.

ImList:
dist, , = detector.findDistance(
(dist)
fingers = detector.fingersUp()
fingers[1] == fingers[2] ==
cursor = ImList[§]
dist<
x-w // 2 < cursor[0] < x+w-120 // y-h // 2 < cursor[1] <y+h-120 //
col = ( )
X, Yy = cursor
cv2.circle(img, cursor ( ), cv2.FILLED)

cv2.putText(img (cursor[0]-40, cursor[1])
cv2.FONT HERSHEY COMPLEX,I ( ), 2)

This part of the code is responsible for detecting hand gestures and movements using the OpenCV
library. The iflmList: statement checks if any hand landmarks are detected in the current frame.
dist, , = detector.findDistance(8, 12, img, draw = False) calculates the distance between the tip of
the index finger (landmark 8) and the tip of the middle finger (landmark 12) using the findDistance()
function provided by theHandDetector class. fingers = detector.fingersUp() determines which
fingers are up and which are down by calling the fingersUp() method of the HandDetectorclass. The
following if statement checks if the index finger and middle finger are both up (forming a pinching
gesture) and if the distance between the fingers is less than 50 pixels. If these conditions are met, the
cursor position is updated to the position of the index finger. Finally, cv2.circle() and cv2.putText()
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functions are used to draw a circle around the index finger and display the text "HOLD" near it to
indicate that the user is holding an object.

col = (

cv2.rectangle(img, (x-w // 2, y-h // 2), (x+w // 2, y+h // 2), col, cv2.FILLED)
cv2.putText(img (x) )}, (x-90,y)

cv2.FONT HERSHEY COMPLEX, 1, ( ), 2)
cv2.rectangle(img, ( ), ( ), ( ), cv2.FILLED)

cv2.putText(img (servoX) ), cv2.FONT HERSHEY PLAIN

( ), 2)

cv2.putText(img (servoY) ), cv2.FONT HERSHEY PLAIN
( ), 2)

cv2.1mshow(
cv2.waitKey(1)

This code snippet is a part of a larger program that tracks hand movements using OpenCV and
controls a virtual drag-and-drop interface. In this particular part, the code checks if the hand landmarks
(ImList)have been detected or not. If the landmarks have been detected, it proceeds to check if the
index finger and middle finger are extended (using the fingersUp() method). If both fingers are
extended, it means the user is trying to drag an object, and the program sets the color of the object (a
rectangle) to blue if the object is within reach (distance less than 50 pixels from the fingertip). If the
object is not within reach, its color is set to magenta. In the next few lines, the program draws the
rectangle representing the object and displays the current position of the hand ((x,y)), the angles of
the servos controlling the X andY movements of the object, and a text message indicating the
respective angle values. The text messages are displayed using cv2.putText() method. Finally, the
program displays the image on the screen using c¢v2.imshow() and waits for a key to be pressed using
cv2.waitKey()

port =
board = pyfirmata.Arduino(port)
servo_pinX = board.get pin(

servo_pinY = board.get pin( )

servo_pinX.write(servoX)

servo_pinY.write(servoY)

This part of the code establishes a connection with an Arduino board and sets up two servo pins,

servo_pinX, and servo_pinY, using the Fermata library. The port variable specifies the port to which
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the Arduino board is connected. Then, servo pinX and servo_pinYare initialized to pins 9 and 10 of
the Arduino board, respectively, and are set to write the values of servo X and servo Y, respectively,
which correspond to the X and Y coordinates of the cursor. The write() method is used to send a signal
to the servo motor to move to the specified position. This code allows the user to control the servo
motors and move the physical objects in response to the movements detected by the webcam . [14].

3.3. Realization part

The realization part in a virtual drag and drop project using Open CV and Arduino involves the
implementation of the project's functionalities. This includes the communication between the
computer running the Python code and the Arduino board that controls the servomotors, as well as the
detection of hand gestures using Open CV and the manipulation of virtual objects on the computer
screen.

One of the key aspects of the realization part is the integration of the different components of the
project. This involves ensuring that the software and hardware components work seamlessly together
to achieve the desired functionality. For instance, the Python code should be able to communicate
with the Arduino board through the serial port to send commands to the servomotors, while at the
same time processing the video feed from the webcam and detecting hand gestures using Open CV.
To achieve this, the project may require the use of third-party libraries and tools such as pyfirmata,
and Open CV, which provide the necessary interfaces to communicate with the Arduino board and
process the video feed. Additionally, the code should be well organized and modular to make it easy
to debug and maintain.

Another important aspect of the realization part is the calibration of the system. This involves
setting up the system so that it can accurately detect the user's hand gestures and translate them into
the corresponding movements of the virtual objects. This may involve adjusting parameters such as
the thresholds used to detect hand landmarks or the angles at which the servomotors are positioned to
move the physical objects. In summary, the realization part in a virtual drag and drop project using
Open CV and Arduino involves the integration of different components of the system, calibration of
the system, and ensuring that the software and hardware components work seamlessly together to
achieve the desired functionality . [15].

3.3.1.Make sure everything works without problems

You can follow these steps to verify that your python code for a virtual drag and drop project using
open cv (python) and Arduino works without problems:
1- Ensure that all necessary libraries used in the project are installed correctly, including Open CV, pyfirmata .
2- Test the code on a variety of images and videos to verify that the code works flawlessly in reading and
processing images and detecting objects and their movement.
3- Test and analyze any error messages that appear when running the code and attempt to fix any known issues
4- Test the process as a whole and verify that it can handle various possible conditions, such as no light or
unwanted objects in the background.
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3.3.2.Connecting Arduino to the robot

The following can connect motors:
1- Connect the 5V wire from the Arduino to motor X and Y.
2- Connect the Ground (GND) wire from the Arduino to the X and Y motors.
3- Connect the X driver to pin 9 on the Arduino.
4- Connect the Y driver to pin 10 on the Arduino

Servo X ->Pin 9
Servo Y -> Pin 10

MADE 3
INITALY .

Figure:.3.1 . Shows the connection of the Arduino to the motors

Note: Jumper wires can be used to easily connect the motors to the Arduino.
3.3.3. Arduino Configuration:
Open IDE Arduino

- Select File -> Example ->Firmata ->StandardFirmata
- Select Tools -> Board ->Arduino/Genuino Uno

- Select Tools -> Port ->*choose your port COM*
- Upload
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StandardFirmataWiFi

Figure.:3.2how to Configuration Arduino Code

3.4.4.test and debugging

Q

Testing and debugging are critical parts of any project, including the virtual drag and drop project
using Open CV and Arduino. Here are some tips on testing and debugging this project:
1- Test the webcam: Before testing the entire system, it is important to make sure that the webcam is

functioning correctly. Open CV provides a simple way to test the webcam by using the Video Capture class.
You can test the webcam by running a simple script that captures a frame from the webcam and displays it

on the screen.
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2- Test the servomotors: You can use the pyfirmata library to control the servo motors connected to the

Arduino board. You can test the servomotors by running a simple script that moves the servomotors to

different positions . [16].

3- Test the object detection algorithm: The object detection algorithm is a critical part of the project. You can

test the object detection algorithm by running a script that captures frames from the webcam and processes

them using the object detection algorithm. You should make sure that the algorithm is correctly detecting

objects and tracking their movements.

4- Test the drag and drop functionality: Once the object detection algorithm is working correctly, you can

test the drag and drop functionality. You can do this by running a script that moves the cursor on the screen

based on the movement of the object detected by the webcam. You should make sure that the cursor is moving

smoothly and accurately.

5- Debugging: If you encounter any issues while testing the system, it's important to debug the code. You

can use the print statement to output the values of variables and make sure that they are correctly initialized

and updated. You can also use the debugger to step through the code and identify any issues.

After installing all the pieces of the Arduino, the connection wires, the camera, and debugging the

code, we are now testing this project

ﬁSerVO X: 140 deg
Servo Y: 38 deg

\

\ | (935, 174)

vt oLl ayth

Figure :3.3. Pictures showing the successful operation of the program
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3. Conclusion

In conclusion, the experimental part of the virtual drag and drop project using Open CV (Python)
and Arduino was successful in demonstrating the potential of computer vision and robotics
integration. By using a simple webcam and Open CV libraries, the project was able to detect the
position of the user's hand and control the movement of the servomotors in real-time, allowing for
virtual drag and drop interactions. The use of the pyfirmata library and the Arduino board allowed for
easy and efficient control of the servomotors, and the overall system proved to be reliable and
accurate. However, there is stillroom for improvement in the project. For example, the system could
benefit from the addition of more complex hand gesture recognition and object tracking algorithms to
enhance the user experience and interaction. Furthermore, the project could be expanded to
incorporate more sophisticated robotic systems and control methods, such as machine learning and
artificial intelligence, to create even more advanced virtual environments and interactions. Overall,
the experimental part of this project shows great potential for future research and development in the
field of computer vision and robotics integration.
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Conclusion General

Conclusion General

To conclude virtual drag and drop using Open CV and Arduino is a cutting-edge technology that
combines computer vision and electronic interaction. It allows users to interact with digital elements
on the screen by utilizing hand gestures. By leveraging the Open CV library for image processing and
motion analysis and incorporating Arduino for hardware control, this technology provides an intuitive
and engaging user experience.

The applications of virtual drag and drop are vast and span across different fields. It can be utilized
in interactive user interfaces, educational applications, gaming, and more. By enabling users to
manipulate digital elements with hand gestures, it adds a natural and immersive aspect to various
interactive systems.

However, implementing virtual drag and drop requires expertise in computer programming,
familiarity with Arduino, and an understanding of the principles of Open CV. Configuring the
necessary hardware and software components is crucial for successful implementation.

Overall, virtual drag and drop using Open CV and Arduino opens up new possibilities for intuitive
and interactive user interfaces. As technology continues to advance, we can expect further
developments and applications in this exciting field.
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REALISATION PREVISION

Produit A destiné N-2| N- N | N+1 | N+2| N+ | N+4 | N+5
Client 1 3

Quantité produit A
Prix HT produit A

Ventes produit A

CHIFFRE
D'AFFAIRES - - - - - - - -
GLOBAL

LEUN dwusall 4l Jsa 101 a0 Galall
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- REALISATION PREVISION

En milliers DZD N-2 N-1 N N+1 N+2 N+3 N+4 N+5

I mmo bi I iSt at i on 350000 350000 350000 400000 420000 450000 5000000 600000

Incorporelles
I mmo bi I iS ati on 650000 650000 650000 700000 720000 750000 800000 400000
Corporelles
Terrain

Batiment




Autres Immobilisations
Corporelles

Immobilisations en
concession

Immobilisation en
cours

Immobilisations
Financiéres

Titres mis en
équivalence

Autres participations
et créances rattachées

Autres Titres
immobilisés

Prets et autres titres
financiers non
courants

Impots différés actif

ACTIF NON COURANT

1000000

1000000

1000000

1100000

1140000

1200000

1300000

1500000

Stocks et encours

Créances et emplois
assimilés

Clients

Autres débiteurs

Impots et assimilés

Autres créances et
emplois assimilés

Disponibilités et
assimilés

Placements et autres
actifs financiers
courants

2900000

2900000

2900000

3370000

3336000

3480000

3720000

4150000

Trésorerie

ACTIF COURANT




En milliers DZD

REALISATION

PREVISION

N -2

N-1

N

N+1

N+2

N+3

N+4

N+5

CAPITAUX PROPRES

Capital émis

1000000

1000000

1000000

1000000

1000000

1000000

1000000

1000000

Capital non appelé

Ecart de réevaluation

Primes et réserves-
Réserves Consolidées

Résultat net- RN part
du groupe

90000

900000

900000

370000

336000

480000

720000

150000

Autres capitaux
propores- report a
nouveau

Part de la société
consolidante (1)

CAPITAUX PROPRES

3900000

3900000

3900000

43370000

4336000

4480000

4720000

5150000

PASSIFS NON-
COURANTS

Emprunts et dettes
financieres

impot différé passif

Autres dettes non
courantes

Provisions et produits
constatés d'avance

PASSIFS NON-
COURANTS

PASSIFS COURNATS

Fournisseurs et
comptes rattachés

ImpoOts

Autres dettes

Trésorerie passif

PASSIFS COURANTS




Verification de
I'équilibre Actif/Passif
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COMPTE DE RUSULTAT PREVISIONNELDE STARTUP :

REALISATION PREVISION
En Milliers N-2 | N-1 N N+1 | N+2 | N+3 | N+4 | N+5
DZD
Vente et 500033 (5)000000 50000000 5500000 5500000 5700000 600003 6500000
produits
annexes

Variation des
stocks produits
finis et en cours

Production
immobilisée

Subvention
d'exploitation




Achats
consommeés

Services
Exterieurs et

autres
consommations

200000

200000

200000

220000

2500000

300000

350000

400000

Charges de
personnel

180000
0

1800000

1800000

1800000

1800000

1800000

1800000

1800000

Impots et taxes
et versement
assimilés

Autres produits
opérationnels

Autres charges
opérationnelles

Dotations aux
amortissements
, Provisions

100000

100000

100000

110000

1140000

120000

130000

150000

Reprise sur
pertes de
valeurs et
provisions

Produits
Financiers




Charges
financieres

Résultat

financier

Impot exigible
sur résultat
ordinaire

Impot différé
(variation) sur
résultat
ordinaire

Eléments
extraordinaire
(produits)

Eléments
extraordinaire
(charges)

Résultat
extraordinaire
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