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Abstract

Conventional input devices like the keyboard and mouse are no longer necessary because gestures are
becoming more popular as the most natural way to interact with computers. This project has
demonstrated a novel real-time system that lets users control their computer cursors using simple
hand gestures. The system facilitates an easy operation for us in terms of the use of a cursor by using
techniques and hand mark detections. The software maps the coordinate points of the detected finger
tips according to their positions by using mapping techniques. Smooth, jitter-free cursor movement.
Increasing precision along with user comfort and confidence while using the system. To the overall,
this is a light solutions solution offering a feasible and effective alternative to the standard pointing
devices with no necessary investment in the costly or specialized hardware. It is a system that picks
and reacts to simple movement of hands to the computers (desktops and the laptops) on which the
standard webcams are fitted. It also allows one to perform with ease the activities of the cursor-
moving, clicking, double- clicking and dragging and scrolling-that are a part of the daily work on the
computer. It can be controlled by the fact that it does not require the touch of any object, hence
fulfilling the needs of people who cannot move freely in several places like hospitals and educational
institutions, this technology can also be applied to understand the gesture computer. Interaction The
system can also be user-specific by the system to be built in a modular way, thus, the piping will work
under different settings and under different lighting conditions. This system uses a coordinate
normalization, dynamic thresholding and preprocessing to attain constant results in the detecting
various backgrounds and a large assortment of camera relative positions. The time filtering will be
inserted in the decision logic since cursor action, like clicking and dragging, could only occur when
the voluntary gesture of the user occurs. This lowers the fatigue or weariness and therefore the
interface is reliable to be used in the long-term. The reality also evades the redundant processing
overheads and provide fewer steps to compute with the aim of dwelling down on real time
performance. Because all the modules of the pipeline facilitate the ease of experience (i. e., frame
acquisition), landmark identification, gesture classification and cursor mapping, the system may
respond to the input, and it may also depict the fact that the hand control via the camera is not a
science-fiction fiction. Furthermore, it is also scalable, and there is no need to find large-scale size of
the architecture complicated since it is impossible to add more gestures or multi-hand messages.
Gesture interfaces are also coming into existence,
and a further developed interface architecture can
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heavy-load processing applications, a motion of the hands can be projected down to the acceptable
and understandable computer directions and this will allow a far more interactive and involving on-
screen interaction experiences.

Keywords: Gesture-based interaction, hand gesture recognition, computer vision, real- time
cursor control, human-computer interaction.

INTRODUCTION

An efficient vision-based algorithm for hand pose estimation and cursor control focuses on enabling natural
human-computer interaction without physical devices like a mouse. The system typically uses a standard camera
to capture real-time video input, from which hand features are detected and tracked. Advanced computer vision
techniques such as background subtraction, skin color segmentation, and contour detection are used to isolate
the hand region. More robust approaches incorporate deep learning models, such as convolutional neural
networks (CNNs), to accurately identify key hand landmarks and gestures under varying lighting and
background conditions.

Once the hand pose is estimated, specific gestures are mapped to cursor actions. For example, moving the hand
controls cursor position, while gestures like pinching or tapping simulate mouse clicks. To improve efficiency
and responsiveness, algorithms often include noise filtering, motion smoothing, and predictive tracking
techniques such as Kalman filters.

The system aims to achieve low latency, high accuracy, and robustness across diverse environments.
Applications extend beyond basic cursor control to areas like virtual reality, assistive technologies, gaming, and
touchless interfaces. Overall, such algorithms contribute significantly to intuitive, contactless interaction
systems in modern computing environments.

LITERATURE REVIEW

Gesture based human computer interaction has evolved, as simple webcam-based detection has been
developed up to some elaborate deep-learning systems. In order to detect simple gestures, early studies such as
Kumari. [1-22], Grif and Farcas [25, 26] and Dehankar. Color segmentation, centroid detection and
morphological processing were used in [4]. The methods were very delicate to their changes in lighting and
background noises, despite allowing control of the cursor in a basic manner. Ojha and Rajan later on [12] and
Cao [24] came up with a recognition method that employed SVM and histograms that were more efficient in
computation but could not stand up in complex scenarios. Increasing desire of the contactless interface led to
more useful virtual mouse technology developed by researchers.

Baheti. [5], Kanaka Raju. [6], Apoorva. [7] and Sahiwala. [15] implemented gesture-driven control of the
cursor, clicking, sketching, and navigation of files. These works showed how hand signs can be employed in
real-life tasks with computers. Although Kumar et al. [9] and Godbole et al. [10] extended gesture control to
presentations and voice-integrated system, Soroni. Gesture-based virtual blackboards were introduced by [8].
All in all, the literature considered permanent issues, including sensitivity of illumination, occlusion issues,
intermittent clicks, and absence of user assessment in practical conditions.

Despite these disadvantages, the findings record a vivid observation on trustworthy, camera-based, real-time.
Zholshiyeva. Deep learning frameworks employed by [23] in order to make the implementation more accurate
require adaptation to different types of users. Jayalakshmi brought about multi-systems that used hand gestures
and eye tracking. [13] and Surya. [19]. These enhance the quality of interaction, as well as reducing false
detections.

Emporio was an article [1], that attracted attention to the continued gesture recognition, which gave
benchmarks and as the research continued, more lax and more adaptive and practice-driven virtual mouse
technologies were developed. Kanaka Raju. [5], Baheti. Yu. [3] developed categories of neural models that were
normalized on Raspberry Pi and binary roles running in real time. Emporio was on a continual trend of gesture
recognition. It was just benchmarks that were offered, and as additional application based virtual mouse system
were emerging, which caused its rise. Baheti. [5], Kanaka Raju. [6], Apoorva. [7] and Das et al. [15] applied
classical hand-gesture pipelines to system level processes drawing, file processing and multi-purpose control of
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a pointer.

These systems formed the reality of the fact that the interfaces that use a gesture recognition tool through a
webcam can be used as the alternatives to the physical devices when performing the usual processing tasks of the
regular computing at a reasonable level of accuracy with some difficulties Zholshiyeva. This further was
enhanced by [23] in relation to the deep-learning frameworks which had the capacity to adapt to a number of
users. Jayalakshmi. [13] and Surya. The existing systems as presented by [19] included the hand gestures
together with eye tracking. It will be possible to avoid misleading detecting and improve the quality of
communication with the help of such solutions. There were some similar works which were domain specific
HCI applications. Soroni. Gosse was also developing a gesture-based virtual blackboard (Kumar [8]).

The 9 gestures were used to control presentations, virtual drawing and volume Godbole control. Among the
experiments that [10] carried out was to examine the interaction between hand gesture and voice controls to
ascertain that lesser reliance on hardware can be employed, however, Reddy. More immersive control was
achieved in [16] using the hybrid hand-eye gesture mechanisms. This brings to the conclusion that generalization
of cross-educational, cross-productivity, and cross-accessibility may be provided through gesture interfaces
(Table 1).
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| GestureController

- detect_hand()
- recognize_gesture()
- perform_action()

h 4
CursorController

- move_cursor()
- click_action()
- scroll_action()

v
CameraModule

- capture_frame{)
- process_imagel()

v
MainApplication

- initialize_system()
- run{)

Figure 1. The proposed system follows a structured computer- vision pipeline.

METHODOLOGY

The proposed system follows a structured computer- vision pipeline designed to translate real-time hand
gestures into mouse-cursor actions. The methodology consists of five major stages: video acquisition, hand
detection, landmark extraction, gesture interpretation, and cursor-control execution. Each stage is optimized
for accuracy, responsiveness, and smooth user interaction. Figure 1 shows the working of Gesture controller,
Cursor Controller, Camera Module and Main Application.

Distance Formula (for Click Gesture Detection)
Used to check whether the thumb and index finger are close enough to trigger a click.

d =0 — %)%+ (y2 — y1)? (D

Where:
(%1, y1)— Thumb fingertip coordinates

(x2, y2)— Index fingertip coordinates

Coordinate Mapping Formula (Camera — Screen Mapping)
Used to map your webcam’s frame to your monitor resolution.

X =xcam* W (2)
Screen Weam Screen

Y:ycam>< H (3)
Screen Hcam Screen

Where

Xeam» Yeam— Fingerprint position in camera frame
W cam, Heam— webcam frame width/height
W screen» Hscreen— monitor width/height
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Smoothing / Low-Pass Filter Formula
Used to reduce jitter and shaky cursor movements.

Psmooth = APrew + (1 - a)Pold (4)

Where:

P ew— new fingertip position

P,14— previous cursor position

a— smoothing factor (0.1-0.3 recommended)

Video Frame Acquisition

A regular Webcam is employed and constantly captures live video frames with 30—60 FPS. All these frames
are then rescaled and processed to ensure that the processing speed remains constant. The simple normalizations
are done to reduce the influence of different lighting conditions and to enhance the appearance of hand features.

Hand Detection and Region Isolation

The system uses a powerful image-processing of the hand of the user with each frame. The frames are
converted into matching colour space and thresholding or landmark-based detection is performed in order to
extract the portion of the hand. The image of the area can be enhanced by using noise processing (Gaussian
blurring, morphological operations, and so on) to remove false alarms.

Landmark extraction and fingertip identification

It is aware of such landmarks as finger points, finger joints and palm points. The first point of focus which
happens to be the index fingertip which is the most important tool of pointing. The geometric relationship of the
landmarks are also calculated with an intention of determining the location of the fingers, presence or relative
position to determine a gesture.

Gesture Recognition and Action Mapping
This system understands the user's gestures by analyzing the spatial position and movement of extracted
landmarks.
o Cursor movement: the index finger tip coordinates are mapped onto the screen coordinate system.
o Left click: Triggered when the distance between the index finger and thumb falls below a
predefined threshold.
e Right click: Using a specific combination of fingers or by making a closed fist gesture to open
the context menu.
o Drag/selection: Detected when the clicking gesture is held while the index fingertip continues
to move. The smoothing algorithm is applied to the fingertips coordinates to reduce

Coordinate Mapping and System Control

The coordinates obtained in the web camera feed are in pixel units, which is non-matching with
the screen coordinate system. To this end, I used a normalisation and scaling routine whereby the
position of gestures is proportionaly mapped into the display of the system. The Python library of
usual cursor movements and click operations is executed using the Python library of pyautogui with
incredibly low latency.

Performance Optimization

It is optimised by removing unnecessary computations, storing the frames that can be reused, and
focusing on lightweight models in the first place. | have smoothing filters and time validity checks and
debouncing logic entered in to prevent accidental clicks or undesired jumps of the cursor.

Testing and Evaluation

I had tried the system on different background, lights as well as on different positions of the hands.
This user test was conducted on the parameters of main indicators the most common being the
accuracy, responsiveness and the frequency of the gesture recognition and the usability. I also
prioritized the performance indicators like the number frame per second, stability of the mouse and the
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successful clicks in order to ensure that there was stability in the system.
SYSTEM ARCHITECTURE DIAGRAM
Purpose

The project development shall then continue on to a design, development and trial of a viable real-
time gesture-based control over the cursor to which will be capable of being intuitively controlled
with the help of a low-end web-cam and with the help of the useful free-lightweight program. I can
also demonstrate that instead of substituting and even augmenting what could be considered the
classical pointers i.e. mouse and trackpad, with the presence of camera-based hand gestures, can be
practiced on a daily basis, and even can be successful even without having any advanced and costly
equipment mounted therein, which, in its turn, could not be attached to any generic computer.

HIGH-LEVEL OVERVIEW
Actors / External Entities

e User: performs hand gestures.

e Webcam delivered- Video frame supply.

e Operating System- new artificial events which are generated by the mouse.

e Other Existing Libraries used External libraries can be used: OpenCV, MediaPipe (in certain
cases only), PyAutoGUI, NumPy.

e Manager. Strict control Tests which will be sent by the obtaining chain will be stored
electronically in the test logs folder and the reading of the tests as industry records are highly
controlled.

e System Boundary e.g. the processing of the video will be defaulted to be run on the machine of
the user though that will not be shipped over the net or even the cloud.

PRINCIPAL COMPONENTS
Input Module (Camera Capture)
o [mplementation: Bugging configure the web camera of the target frame rate and acquire the
consecutive frames and store the same in processing queue.
e Data: This is the H W 3 value of a given array of RGB values (integers).

Preprocessing Module
o [mplementation: resize, conversion colour space (BGR RGB or HSV), utilisation of histogram
equalisation / CLAHE and blur will be executed keeping the aim of destroying noise and hence
they will be given a rebuttal image, which is less noisy.
e Data: The pre-processed frame.

Detection & ROI Module

e [dentify hand part(s): Output ROI box and reliability. May will either take classical methods
(skin segmentation, contours) or landmark detector (MediaPipe ).
e Data: ROI Mask and detection confidences.

Landmark Extraction Module
e Anatomical data: normalized ROI coordinates of finger 0-1.
e Data: Landmarks [ id, X norm, y norm, visibility ].

Gesture Interpretation Module
e Responsibilities: Applies geometrical principles and time as a help to classify gestures - point,
click, double-click, drag, scroll. Rebounds and gesture state machine are in state Holds.
o Information Gesture Event = type, state, time, data.

Coordinate Mapping Module
e In regard to normalised landmark positions relative to the screen position (calibration and gain
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was used). Feature and velocity limiter Smoothing (filter).
e Data: ScreenPoint = {X_px, Y_px}.
Smoothing & Filter Module
e Parameters: To perform the exponential smoothing / low-pass filtering of the cursor, a user can
apply a parameter alpha; or an optional Kalman filter can be applied to perform advanced
smoothing.
e Formula: P_smooth=a * P_new + (1-a) * P_old.

Control & Actuation Module

Gesture event classifier The new breakthrough in autonomous driving of using keyboard and mouse
is simply an exposition to how such a like image recognition can be executed, PyAutoGui to execute
Python code (and most importantly Lisp), to give a command to the operating system and impeccable
factor based virtual assistants to place a call in providing directions to autonomous driving

UX & Feedback Module
Activities that will be implemented: Fetching of overlay preview window - cursor and ROI and
gesture state. Use little visual acids of clicks. which serve in the calibration and testing.

System Management & Logging Module

Responsibilities: Activities that will be implemented: Fetching of overlay preview window - cursor
and ROI and gesture state. Use little visual acids of clicks. which serve in the calibration and testing
(Figure 2).

RESULTS AND ANALYSIS
We projected MediaPipe hand loci to OS actions like clicks and scroll, due to the strong
monitoring-loop in real-time.
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If failed to open
- Initialize the webcam o | Exitifan error
Start >
web cam occured
l Display error
Detect dialog box
Detect hand ) the
gesture
gesture
A
Exit if an error
occured

Perform action
based on gesture

Display real time
gesture

Stop webcam

Figure 2. Work flow.

This performance evaluation shows that the cursor motion is the most desirable part of the primary
navigation of a system with the accuracy up to 80-percent as presented in Figure 6. The lag of left and
double- click features is at about 60 per cent. The disjunction of depth perceiving in pinch action of
Figures 3-5, right- click and cursor-freezing are more stable at approximately 70 per cent. Irrespective
of such insignificant differences, the system seems to be pretty serviceable as far as the use without
contacts is concerned because it can recognize advanced finger patterns and give instant visual
feedback (Table 2).

Figure 3. Double click gesture.
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Figure 4. Left click gesture.

Figure 5. Right click gesture.

Table 2. Accuracy & observation.

Feature Accuracy (%) Observations
Cursor movement 80 Smooth and reliable across scenarios
Left click 60 Minor jitter observed occassionally
Right click 70 Some misclassification errors
Double click 60 Accuracy fluctuates under movement
Mouse freezing 70 Occasional freezing under rapid gestures
90
0 0,
80 70 Accura% (%)
70 60 IBE
. 60 N
g 3
=~ 50
2
S 40
Gt
2 30
20
10
0
Cursor Left click right click double click  Cursor
movement freezing

Figure 6. Gesture accuracy graph.

FUTURE SCOPE
The software can also include various advancements in the system like detecting more gestures like
drag and drop and different clicks in variations. Tries to work very efficiently in different conditions
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can also integrate with different technologies like AR/VR Can also work on integrating both voice and
gesture to provide different ways to interact with the users.

The system will work on getting add on different gestures like drag and drop also different
variations on clicking. using different technologies by integrating to this system will result in the different
results.

CONCLUSION

This research defines that using of camera based hand gesture recognition will be a solution for
interacting with the devices other than traditional way of interacting with the applications. The system is
created to use simply and a knowledge of understanding complex gestures easily that works well in
different conditions to whom have problems in operating the gestures. Future enhancements promise
to broaden the gesture vocabulary and integrate multi-model commands for richer, more natural
control experiences.
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