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ABSTRACT

Writing in air has lately become one of the most interesting and difficult research areas in image processing and pattern

recognition. A wide range of human-machine interactions benefit from this technology’s inclusion. Numerous researches have
investigated new methods and tactics for reducing processing time and improving recognition accuracy. In Computer Vision,
object tracking is a crucial part of the task. Object tracking systems have become more popular as a result of faster computers,
more affordable and higher quality video cameras, and the increasing need for automated video analysis. Typically, video
analysis involves three major steps: identifying the object, tracking its movement from frame to frame, and lastly analyzing its
behavior. Object tracking takes into account four issues: object representation, tracking feature selection, object identification,
and object tracking. Object tracking algorithms are utilized in a variety of real-world applications, including video indexing,
autonomous surveillance, and vehicle navigation. Motion-to-text converters for intelligent wearable electronics that can write in
the air are the subject of this study. This initiative serves as a time capsule for transitory movements. It will use computer vision
to track the path of the finger. Messages, emails, etc. maybe be sent using the text that has been generated. It will be a great help
for deaf individuals to communicate. It's a good way to communicate without having to write.

Keywords:Air Writing, Character Recognition, Object Detection, Real-Time Gesture Control System, Smart Wearable, Computer
Vision.

LINTRODUCTION music to dance and theatre. However, digital and

For most people nowadays, digital art takes the place
of traditional writing as their primary means of
expression. We call it "digital art” when we use digital
medium to convey our artistic expressions and messages.
Digital manifestation is distinguished by its reliance on
modern science and technology. There were different
kinds of art forms before digital art was created. There
are four types of art: visual art, audio art, audio-visual,
and audio-visual imaginative. This includes everything

from literature to painting to sculpture to architecture to

traditional creative forms are inextricably intertwined.
However, human life's fundamental necessities are the
driving force behind societal progress. There is a similar
phenomenon in art. The link between digital and
traditional art is now so intertwined that we need to
study both of them meticulously. The old-school method
of writing is when you use a pen and paper or a
blackboard. Developing a hand motion recognition
system that can be used to digitally write has been the

fundamental objective of digital art. It is possible to
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produce digital art by utilizing a keyboard, touch-screen
surface, digital pen, stylus or even electronic hand
Machine

programming, on the other hand, are used to recognize

gloves. learning algorithms and python
hand gestures in order to facilitate human-machine
communication organically. We're seeing a rise in the
need for natural human-computer interaction (HCI)
systems as technology progresses.
2. PROPOSED SYSTEM
This computer vision experiment uses an Air canvas,
which allows you to draw on a screen by waving a finger
equipped with a colourful tip or a basic coloured cap.
These computer vision projects would not have been
possible without OpenCV's help. There are no keypads,
styluses, pens, or gloves needed for character input in the
suggested technique.
2.1 FEATURES OF AIR CANVAS

e Can track any specific colored pointer.

e User can draw in four different colors and even

change them without any hustle.
e Able to rub the board with a single location at the
top of the screen.
¢ No need to touch the computer once the program

is run.

2.2 SCOPE

The scope of computer vision and that of OpenCV is
huge.Object (human and non-human) detection in both
commercial as well asgovernmental space is huge and
already happens is many ways.

Transportation - with autonomous driving in ADAS
(Automated Driver Assist System) in traffic signs
detection, pedestrian detection, safety features such
driver fatigue detection etc.

Medical imaging - mammography, cardiovascular and
microscopic image analysis (I'm not a medicine guy but I
am hearing that a whole lot of computer imaging aided
decision-making such as automated detection and
counting of microorganisms will involve use of OpenCV)
Manufacturing - Ton of computer vision stuff there as
well such as rotation invariant detection on a conveyer
belt with detection of stoke of robotic gripping.

Public order and security - pedestrian/citizen detection
and tracking, mob management, prediction of future

events.

2.3 APPLICATIONS

Python may be used to quickly analyze photos and
videos and extract meaningful information from them,
thanks to the many methods provided in OpenCV. Other
frequent uses include,

Image Processing;:

There are several ways in which the OpenCV may be
used to process and interpret images, such as altering
their shape, colour, or extracting important information
from the supplied picture and writing it into a new
image.

Face Detection:

By employing Haar-Cascade Classifiers, either from
locally recorded videos or photos or from live streaming
through web camera.

Face Recognition:

In order to identify faces in the films, face identification
was performed using OpenCV by generating bounding
boxes (rectangles) and subsequently model training
using ML methods.

Object Detection:

OpenCV and YOLO, an object identification method,
may be used to identify moving or stationary objects in

images and videos.
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Figurel: Flow Chart of Proposed Method
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Figure2:Block Diagram of System

3. METHODOLOGY
This system needs a dataset for the Fingertip Detection
Model. The Fingertip Model's primary purpose is used to

record the motion, i.e., the air character.

Write in Air

l

Fingertip Detection Model

l

Traced Trajectory

Figure3: Fingertip detection model
A. Fingertip Detection Model:
For air writing, all you need is a stylus or one of the many
colored airpens on the market. But the system relies on
the tip of a finger to operate it. We think that individuals
should be able to write in the air without having to carry
a pen around with them. Every frame has been analyzed
using Deep Learning techniques to generate a list of
coordinates for each fingertip.
B. Techniques of Fingertip Recognition Dataset
Creation:
1. Video to Images:Hand motion films were recorded for
two seconds and then transferred to a variety of diverse
contexts. This footage was sliced up into 30 individual
pictures, which can be seen in More than 2000 photos
were taken. Data was manually annotated in this dataset.
The most accurate model developed using this dataset
has a precision of 99.5 percent. Dataset monotony
resulted from using a same movie with identical
surroundings to produce 30 different photos. It follows
that for non-continuous environments like those in the

sample, the model failed miserably..

Figure4: Finger Tip Recognition Dataset Creation

2. Take Pictures in Distinct Backgrounds:

We built a new dataset to solve the problem of the prior
method's lack of variety. This time, we were well aware
of the fact that gestures were required in order to operate
the system. To that end, we gathered the four hand
gestures shown in Figure 4. The goal was to create a
model that could recognize the tips of all four fingers
with equal efficiency. The user would be able to manage
the system by showing the number of fingers he has. One
index finger is all that's required to start writing, and the
user can now - quickly write by showing one index
finger, convert this writing motion to e-text using two
fingers, add space using three fingers, hit backspace
using five fingers, and then show 1,2,3 fingers to select
the first, second, and third predictions respectively. Show
five fingers to exit the prediction mode. The photos in
this collection totaled 1800. An auto-labeled dataset was
created using a software that has previously been trained
on this dataset Once the photos had been properly
renamed, a new model was introduced. At least 94% of
the time, it worked. Different backdrops proved to be

suitable for the model, unlike the previous one.

M EIL EEERL LT

Figure5: Finger Tip Recognition Model

C. Fingertip Recognition Model Training:Divided into
train and dev sets after completion of the dataset
preparation and labeling process (85 percent -15 percent
). Our dataset was trained using the Single Shot Detector
(5SD) and the Faster RCNN pre-trained models. In
comparison to SSD, the accuracy of the faster RCNN
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model was much higher. Please go to the Results Section
for further details. Object detection in SSDs consists of
two basic modules: one that suggests areas and another
that classifies them. Detecting items in a single shot
reduces processing time. It is often used for real-time
object detections. To calculate region suggestions, Faster
RCNN utilizes the output feature map from Fast RCNN.
They are reviewed by a Region Proposal Network and
forwarded to a Region of Interest pooling layer. The
categorization and bounding box regression results are
eventually shown in two completely linked layers [15].
We modified the final completely linked layer of Faster
RCNN to detect the fingertip in the picture.

Figure6: Finger Tip Recognition Model

4. ALGORITHM

Stepl: Start reading the frames and convert the captured
frames to HSV colour space.(Easy for colour detection)
Step2: Prepare the canvas frame and put the respective
ink buttons on it.

Step3: Adjust the track bar values for finding the mask of
coloured marker.
Step4:Preprocess the mask with morphological
operations.(Erotion and dilation)

Step5: Detect the contours, find the center coordinates of
largest contour and keep storing them in the array for
successive frames .(Arrays for drawing points on canvas)
Step6: Finally draw the points stored in array on the

frames and canvas.

5. RESULTS

Tracking

Figure-7(a)

Figure-7(c)

Figure7(a)(b)(c): Final Output Images

6. CONCLUSION

An airwriting approach employing a laptop camera and
a video-based pointing mechanism is shown here.. To
begin with, the proposed technique tracks the colour of
the fingertip in video frames and then applies OCR to the
plotted pictures in order to identify the written letters. It
also allows a natural human-system interface that does
not need a keypad, pen, or glove for character input. It's
all you need is a phone camera and a red hue to
reorganize a finger tip. OpenCv and python were used to
create an application for the studies. Using the suggested
technique, an average accuracy of 92.083 percent may be
achieved in the recognition of correct alphabets. The
suggested solution resulted in a 50 ms per character
delay in total writing time. Furthermore, the suggested
approach may be used to all unconnected languages, but
it has one important disadvantage that it is colour
sensitive in such a manner that the presence of any red
colour in the backdrop before commencing the analysis
might lead to erroneous findings.

Future Scope

Computer Vision is the science of helping computers
perceive and interpret digital pictures such as photos and
movies. It's been a decades-long topic of intense
investigation. Computer vision is getting better than the

human visual cognitive system at spotting patterns from
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pictures. Computer vision-based technologies have
surpassed human doctors' pattern recognition skills in
the healthcare industry.

Let us examine the status of computer vision technology
now and in the future.There are several aspects to
consider when computer vision expands its effect on the
human world. With further study and fine-tuning,
computer vision will be able to do more in the future. The
system will be simpler to train and can identify more
from photos than it does presently.Computer vision will
be used in conjunction with other technologies or subsets
of Al to generate more attractive applications. Image
captioning apps, for example, may use natural language
(NLG) the

environment for visually impaired persons. Computer

generation to understand things in
vision may help create artificial general intelligence
(AGI) and artificial superintelligence (ASI) by processing
information better than the human visual system.
Computer vision is a growing sector linked to virtual and
reality (VR and AR).

participants have shown a great interest in VR/AR fusion.

augmented Recent market

This significant growth in attention is mirrored in the

release of several cutting-edge technology items.
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