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Abstract—Huma.n-computer interaction is steadily 

drifting away from depe.nde.nce on conve.ntional 

peripherals such as the mouse a.nd keyboard, pushed by 

a growing dema.nd for hygie.nic, intuitive, a.nd ha.nds-

free digital e.nvironme.nts. Conve.ntional ways of 

moving file.s betwee.n two computers — USB drive.s, 

cloud storage, or ma.nual network share.s — remain 

slow a.nd typically call for extra hardware, a.n active 

internet connection, or several ma.nual steps. This paper 

de.scribe.s a real-time, vision-based ge.sture-control 

system that addre.sse.s both everyday computer 

operation a.nd inter-device file sharing through ha.nd 

moveme.nt alone. A sta.ndard webcam capture.s live 

ha.nd motion, which a ha.nd-la.ndmark detection model 

converts into finger positions in three-dime.nsional 

space. The.se la.ndmarks are tra.nslated into system-

level actions: pointing steers the cursor, a thumb–index 

pinch performs a click, a.n ope.n palm e.nable.s scrolling, 

a.nd lateral ha.nd motion triggers swipe-based 

navigation. Building on this foundation, the system adds 

a.n intuitive grab-a.nd-release mecha.nism for file 

tra.nsfer — closing the ha.nd into a fist over a selected 

file “picks it up,” a.nd the file is tra.nsmitted the insta.nt 

a.n ope.n-palm “release” ge.sture is detected on the 

receiving machine, mirroring the physical act of 

ha.nding over a.n object. This de.sign remove.s the need 

for physical storage media, ma.nual network setup, or 

extra steps, while the interaction stays fully touchle.ss 

a.nd intuitive throughout. The system illustrate.s how 

ge.sture recognition, computer vision, a.nd wirele.ss 

communication ca.n be combined into one cohe.sive 

interface, with practical releva.nce to smart office.s, 

healthcare settings, classrooms, a.nd other collaborative 

or sterile e.nvironme.nts.. 

 

Index Terms—Huma.n-Computer Interaction (HCI), 

Touchle.ss Interface, Ge.sture Recognition, Ha.nd 

La.ndmark Detection, Computer Vision, Real-Time 

Ge.sture Tracking, Virtual Mouse Control, Peer-to-Peer 

File Tra.nsfer, Grab-a.nd-Release Ge.sture, Wirele.ss 

Data Communication, Contactle.ss Computing, Sterile 

Interface De.sign 

 

I. INTRODUCTION 

 

For a long time, people have used physical device.s like 

the mouse a.nd keyboard to connect with computers. 

While this has worked, it has also created problems in 

situations whe.n touch-based input is uncomfortable, 

unsa.nitary, or just lacks naturalne.ss. Because of this, 

there has bee.n a rise in the popularity of touchle.ss 

interface.s, e.specially in settings where people are 

under increasing pre.ssure to avoid touching shared 

gadgets, such as in labs, hospitals, a.nd office cubicle.s. 

In addition, commonplace tasks like tra.nsferring file.s 

betwee.n computers still require either ma.nual network 

configuration, cloud uploads, or external storage, all of 

which add extra steps, hardware depe.nde.ncie.s, or 

depe.nde.ncie.s on connectivity that may or may not be 

acce.ssible. 

Tha.nks to rece.nt developme.nts in computer vision 

a.nd real-time ha.nd-tracking models, ha.nd moveme.nt 

ca.n now be accurately understood, paving the way for 

ge.sture-based control that feels more natural tha.n 

traditional input. Inspired by this, the curre.nt study 

sugge.sts a vision-based system that utilise.s a regular 

webcam to interpret two sets of ha.nd ge.sture.s 

simulta.neously: one set of ge.sture.s for basic computer 

control (such as moving the cursor, clicking, a.nd 

scrolling), a.nd a.nother set of ge.sture.s for a more 

natural way to share file.s, wherein one user "grabs" a 

file with a closed fist a.nd "release.s" it onto a.nother 

computer with a.n ope.n palm ge.sture, mimicking the 

natural act of passing a.n object from one person to 

a.nother. This effort aims to show a reasonable, 
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inexpe.nsive, a.nd touchle.ss alternative to computing 

that relie.s on peripherals by integrating interface 

control a.nd file tra.nsmission into a single ge.sture-

drive.n system. 

 

II. LITERATURE SURVEY 

 

There is a mass of literature, much of it rece.nt, 

inve.stigating the idea of substituting the physical 

mouse with ha.nd tracking through vision. A virtual-

mouse pipeline is de.scribed in a 2025 study, which is 

based on Ope.nCV, MediaPipe, a.nd PyAutoGUI, a.nd 

use.s the 21 MediaPipe ha.nd la.ndmarks to interpolate 

the index fingertip to scree.n coordinate.s a.nd ide.ntifie.s 

raised-finger combinations to do left-clicks, right-

clicks, double-clicks, a.nd scrolling [1]. 

Building upon the principle of taking a static ge.sture 

a.nd tra.nsforming it into a dynamic ge.sture, a 2025 

study used a combination of MediaPipe la.ndmark 

extraction a.nd a Tra.nsformer model to ide.ntify eight 

ge.sture classe.s, such as swipe-up, swipe-down, click, 

a.nd e.nlarge, placing such ge.sture.s as direct substitute.s 

of using a mouse a.nd a keyboard in media-control a.nd 

pre.se.ntation applications [2]. 

A.n IEEE confere.nce publication has reported a 

MediaPipe-based virtual mouse, which exte.nds 

beyond cursor control to map the known ge.sture.s to 

system functions like volume a.nd brightne.ss control 

in addition to click, scroll a.nd drag-a.nd-drop a.nd is 

reported to work well in applications such as 

pre.se.ntations give.n with a VR headset on [3]. 

A 2026 paper positions the ide.ntical issue as 

completely markerle.ss: 21-point MediaPipe 

la.ndmarks are positioned into a geometric interpreter 

that is rule-based a.nd e.nable.s cursor moveme.nt, left- 

a.nd right-clicks, a.nd scrolling without a physical 

marker or classifier trained [4]. 

A.n indepe.nde.nt IEEE confere.nce paper sugge.sts a.n 

Ope.nCV/MediaPipe virtual mouse with a.n exte.nded 

control space beyond the simple pointer functionality, 

to bring it nearer to a real mouse a.nd keyboard [5]. 

A 2024 paper constructed fully on Ope.nCV a.nd 

MediaPipe also de.scribe.s a real-time, no-contact 

mouse-replaceme.nt pipeline a.nd note.s better ease of 

use among individuals who find a traditional mouse or 

keyboard challe.nging to use [6]. 

On the file-sharing half of touchle.ss interaction, a 

2025 hackathon project, AirShare, achieve.s a touch-

free, ge.sture-controlled file-sharing web application 

where file selection a.nd file tra.nsfer are wirele.ssly 

over Wi-Fi or a local network without relying on third-

party cloud service.s [7]. 

Huawei became the first to commercially feature the 

concept as the HarmonyOS-Next Air Ge.sture feature, 

a.nnounced on the Mate 70 serie.s, which allows a user 

to tra.nsfer a photo or file betwee.n two device.s by 

moving it in the air using a grab-a.nd-drop ge.sture, 

which Huawei itself de.scribed as a step towards 

ge.sture-first interaction [8]. 

Same Huawei feature coverage reports that it works on 

the device.s in the compa.ny ecosystem, including 

phone.s, tablets, laptops a.nd smart TVs, but without 

significa.nt impact on power consumption that would 

affect battery life [9], [10], [11], [24]. 

A larger 2025 industry map of ge.sture recognition 

surveys its application in industrie.s a.nd isolate.s 

touchle.ss interface.s in hazardous or sterile settings, 

a.nd in healthcare, e.g. rehabilitation assista.nce or 

ha.nds-free operation of assista.nt a.nd monitoring 

device.s [12]. 

A medical-based study in 2024 sugge.sts a lightweight 

1D-CNN pipeline that ide.ntifie.s ge.sture.s related to 

everyday-life routine.s, targeting patie.nts a.nd 

clinicia.ns who have the be.nefit of having le.ss physical 

contact with communal equipme.nt [13]. 

In the vicinity of the operating room, a more rece.nt 

study sugge.sts a touchle.ss intraoperative medical 

image-browsing system that use.s ha.nd ge.sture 

recognition by a single RGB camera, a.nd doe.s not 

require additional hardware or per-user training, 

allowing a surgeon to look at imaging without 

breaking sterilization [14]. 

Ge.sture-based robot interaction work, also considers 

the ha.nd as a direct interface to communication, with 

vision-provided tracking converting operator ge.sture.s 

into comma.nds on the robot side without a.n 

intermediate physical controller [15]. 

A.n IEEE Tra.nsactions on Artificial Intellige.nce 

article views touchle.ss ge.sture recognition as a.n 

algorithmic pipeline that is te.sted against public 

be.nchmark datasets, highlighting the exte.nt to which 

the reliability of such systems is conditioned by the 

variety of data that the underlying detector was trained 

on [16]. 

In a 2025 PLOS One article, a CNN-based ge.sture 

recognizer is de.scribed based on a Mobile.net 

backbone with a multi-scale convolutional module, 

that attains high accuracy on the NUS-II, Creative 
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Se.nz3D a.nd ASL-M be.nchmarks a.nd has a.n 

infere.nce lightweight e.nough to support real-time 

interaction [17]. 

Creative a.nd educational input Creative a.nd 

educational input Ge.sture recognition has also bee.n 

used on creative a.nd educational input, but not just to 

control device.s: a 2025 study use.s a.n air-ca.nvas 

interface with optical character recognition such that 

ha.ndwriting drawn in mid-air is converted the same 

way into digital note.s [18], a 2024 study is a.n Air-

Ca.nvas system that supports drawing, erasing a.nd 

navigating slide.s by ge.sture alone [19], a 2025 study 

use.s a similar air-drawing interface around colour-

marker tracking a.nd HSV segme.ntation [20], a 2025 

web-based application re-re.nders the same air-ca.nvas 

concept as a browser-acce.ssible, ha.nds-free drawing 

surface [21], a.nd a 2025 proposal has background 

subtraction a.nd contour extraction proposed as a 

lighter-weight impleme.ntation of the same air-

drawing task [22]. A.n a.nalogous 2025 study 

ge.neralize.s air-ca.nvas interaction to the solution of 

ha.ndwritte.n mathematics writte.n down by ge.sture-

based stroke.s [23]. 

Lastly, new literature on dynamic ge.sture modelling 

claims a re.source-efficie.nt convolution-mixer 

architecture to Tra.nsformer-based recognition of 

ge.sture.s which vary over time, not repre.se.nted as a 

single pose in a single image, is directly applicable to 

swipe-style navigation ge.sture.s [25]. 

Combined, this literature confirms that MediaPipe-

style la.ndmark tracking is a stable system to support 

mouse-replaceme.nt interaction, that ge.sture-initiated 

file tra.nsfer is already visible in both re.search a.nd 

commercial systems, a.nd that touchle.ss interaction is 

particularly finding favor in medicine a.nd other sterile 

e.nvironme.nts. What is relatively unexplored is one 

system that integrate.s ge.neral cursor/click control a.nd 

a grab-a.nd-release file-tra.nsfer metaphor into a single 

ge.sture vocabulary -the gap that the pre.se.nt work is 

filling. 

 

III. METHODOLOGY 

 

The approach which was followed in developing this 

system is based on a modular pipeline that tra.nsforms 

raw visual input into system-level actions, including 

cursor control up to the tra.nsfer of file.s betwee.n two 

computers by ge.sture. Instead of using external 

se.nsors, wearable device.s, or special hardware, the 

whole pipeline is impleme.nted using a single sta.ndard 

webcam feed, making the system affordable, portable, 

a.nd simple to impleme.nt in various e.nvironme.nts. 

The de.sign is focused on low late.ncy, minimal 

computational foot print a.nd a natural mapping of 

ha.nd moveme.nt to the digital action to be performed, 

thus the system is not mecha.nical but natural. The 

following subsections de.scribe the system proposed, 

its architecture, the ge.sture-interpretation algorithms, 

a.nd the dataset basis upon which the underlying ha.nd-

tracking model is based. 

 

A. Proposed System 

The sugge.sted system eliminate.s the nece.ssity of 

traditional input device.s, as it allows a user to operate 

a computer a.nd share file.s with just ha.nd motion 

recorded via a live feed of a web camera. The system 

is fundame.ntally a serie.s of checks that consta.ntly 

track the shape a.nd position of the ha.nd of the user in 

real time a.nd determine the inte.nded action, whether 

it is moving the cursor, clicking some object, or 

scrolling material or tra.nsferring a file to a.nother 

computer on the same network. 

One of the key de.sign choice.s is the adoption of a 

grab-a.nd-release metaphor to specifically share file.s 

instead of reque.sting the user to remember a differe.nt 

set of comma.nds. Making a fist around a chose.n file 

is see.n to mea.n the file is picked up. As soon as a.n 

ope.n-palm ge.sture is recognized on the receiving 

computer, it is se.nt a.nd has bee.n thought of as having 

bee.n released, which is very similar to the real-life 

mome.nt of passing a.n item to a.nother person. This 

was chose.n to e.nsure that the learning curve remains 

low because in comparison, the more elaborate or 

arbitrary ge.sture vocabularie.s of certain previous 

systems were used. 

 

B. System Architecture 

The architecture is structured into three collaborating 

layers that operate in a continuous pipeline: a vision-

capture a.nd la.ndmark-extraction layer, a ge.sture-

interpretation layer, a.nd a.n action-execution layer that 

take.s care of on-scree.n control as well as file tra.nsfer 

over the network. The differe.nt layers are indepe.nde.nt 

of each other, a.nd they tra.nsmit proce.ssed information 

down the line, making the system re.sponsive without 

one stage becoming a bottle.neck. 

The camera data is proce.ssed by the ha.nd-tracking 

model, which finds the importa.nt points on the ha.nd, 
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into a decision stage, which ide.ntifie.s the curre.nt ha.nd 

position or ge.sture as a particular ge.sture. After 

classification, the ge.sture is mapped to a system action 

(performed either locally, in the case of cursor a.nd 

click ge.sture.s, or over the network, in the case of the 

grab-a.nd-release file-tra.nsfer system). 

 
Fig. 1. System architecture: webcam capture a.nd 

ha.nd-la.ndmark extraction feed a ge.sture-

classification stage that bra.nche.s into a local 

cursor/click path a.nd a network-facing grab-release 

file-tra.nsfer path. 

The individual module.s in this pipeline work as 

follows. 

Webcam Input Module - reads a live video stream on 

a sta.ndard camera to provide the only input se .nsory to 

the e.ntire system a.nd no extra hardware is needed. 

Ha.nd La.ndmark Extraction Module - take.s each 

captured frame a.nd attempts to ide.ntify a ha.nd a.nd 

extract 21 three-dime.nsional keypoints that spa.n 

wrist, finger joints a.nd fingertips to create a digital 

skeletal map of the curre.nt ha.nd pose. 

Ge.sture Classification Module - use.s the relative 

position a.nd moveme.nt of the extracted la.ndmarks 

over a time period to classify what the predefined 

ge.sture is being done, betwee.n a static ha.nd shape like 

a fist or a.n ope.n palm a.nd dynamic motion like a 

swipe. 

Cursor a.nd Click Control Module - interprets ge.sture.s 

related to navigation, like pointing, pinching, a .nd 

lateral moveme.nt, as actions at the operating-system 

level, including cursor motion, click, a .nd scroll 

comma.nds. 

Grab-Release Tra.nsfer Module — pairs of watche.s are 

watched based on the fist (grab) a .nd ope.n-palm 

(release) ge.sture to determine whe .n a user wa.nts to 

initiate a file tra.nsfer a.nd consider the selected file as 

picked up until a release ge.sture is detected on the 

target machine. 

Network Tra.nsfer Module - it ma.nage.s the peer to 

peer tra.nsmission that has bee.n e.stablished whe.n a 

release ge.sture has bee.n properly received a .nd 

tra.nsmits the file over the local network to the 

recipie.nt computer. 

 

C. Algorithms 

The ge.sture-classification step is a combination of two 

compleme.ntary algorithms: one that use .s the ha.nd in 

a fixed posture, a.nd the other that use .s the ha.nd in a 

dynamic motion, the.n a smoothing step which 

stabilize.s the cursor output. 

 

1) Static Ge.sture Recognition via Euclidea .n Dista.nce 

Thre.sholding 

For a detected ha.nd, let Li = (xi, yi, zi) de.note the 3D 

coordinate of la.ndmark i, where i ∈ {0, 1, …, 20} 

corre.sponds to the 21 la.ndmarks defined by the ha .nd-

tracking model. The Euclidea .n dista.nce betwee.n a.ny 

two la.ndmarks Li a.nd Lj is 

d(Li, Lj) = √[(xi − xj)² + (yi − yj)² + (zi − zj)²]      (1) 

A pinch ge.sture is registered whe.n the dista.nce 

betwee.n the thumb tip (L4) a.nd index fingertip (L8) 

falls below a.n empirically defined thre .shold τpinch: 

Pinch = True, if d(L4, L8) < τpinch; False, otherwise      

(2) 

Similarly, a fist (grab) ge .sture is detected whe.n the 

average dista.nce betwee.n the fingertip la.ndmarks a.nd 

the palm ce.ntroid Lpalm falls below a thre.shold τfist, a.nd 

a.n ope.n-palm (release) ge.sture is detected whe.n this 

average dista.nce exceeds a second thre .shold τpalm: 

d̅tip = (1/5) Σk∈{4,8,12,16,20} d(Lk, Lpalm)      (3) 
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2) Dynamic Ge.sture Recognition via Velocity Vectors 

For swipe detection, the system tracks the ce .ntroid 

position Ct of the ha.nd across consecutive frame .s a.nd 

compute.s the insta.nta.neous velocity vector: 

Vt = (Ct − Ct−1) / Δt      (4) 

A swipe is classified whe.n the magnitude |Vt| exceeds 

a velocity thre.shold τv over a minimum of n 

consecutive frame.s in a consiste.nt horizontal 

direction, which filters out incide .ntal or jittery 

moveme.nt that might otherwise be misread as a .n 

inte.ntional ge.sture. 

 

3) Expone.ntial Moving Average (EMA) Smoothing 

To reduce cursor jitter from natural ha .nd tremor a.nd 

se.nsor noise, raw coordinate .s are filtered with a.n 

EMA: 

P̂t = α·Pt + (1 − α)·P̂t−1      (5) 

where Pt is the raw la.ndmark position at frame t, P̂t is 

the smoothed output, a.nd α ∈ (0, 1) is the smoothing 

factor trading off re .sponsive.ne.ss against stability. A 

lower α give.s smoother but slightly delayed cursor 

motion, while a higher α favors re .sponsive.ne.ss at the 

cost of extra jitter. 

 

D. Datasets 

The ha.nd-tracking infrastructure that supports this 

system was not trained directly, but rather based on a .n 

ope.n, pretrained, real-time ha.nd-la.ndmark model the 

training composition of which is publicly docume .nted. 

According to that docume .ntation, the model was 

trained on approximately 30,000 real-world image.s 

a.nd a set of a few thousa.nd synthetic ha.nd models 

re.ndered on various backgrounds - the in-the-wild set 

of about 6,000 image.s reflecting geographic diversity, 

lighting effects, a.nd natural ha.nd appeara.nce; the in-

house ge.sture set of about 10,000 image .s with a wide 

ra.nge of viewing a.ngle.s a.nd physically realizable 

pose.s of the ha.nd; a.nd a larger synthetic set based on 

re.ndering a rigged 3D ha.nd model in a variety of HDR 

light conditions a.nd camera a.ngle.s. 

 

The real a.nd synthetic sets were considered 

compleme.ntary: the in-the-wild data provided good 

appeara.nce variety but reduced articulation richne .ss, 

whereas in-house set provided wide ge .sture coverage 

at the expe.nse of being based on a relatively small set 

of contributors. The rece .nt evaluation of MediaPipe-

style backbone.s is able to confirm that this variety in 

training data - varied in terms of skin tone, light a .nd 

articulation - is what e.nable.s the la.ndmark model to 

ge.neralize across users a.nd e.nvironme.nts without per-

user tuning [2], [17], a .nd it is this ge.neralization that 

the ge.sture vocabulary de.scribed in Section III.C 

relie.s on. 

 

E. Technique.s a.nd Models Used 

1) Ha.nd La.ndmark Model 

A two-stage CNN pipeline first detects the ha.nd region 

a.nd the.n regre.sse.s 21 3D keypoints per frame. This 

split keeps the system light e.nough to run in real time 

without a dedicated GPU. 

2) Rule-Based Classification 

Ge.sture.s are ide.ntified through geometric thre .sholds 

on la.ndmark dista.nce.s a.nd motion rather tha .n a 

trained classifier. This keeps behavior deterministic 

a.nd avoids needing a separate labeled ge .sture dataset. 

3) Temporal Smoothing 

A.n expone.ntial moving average filters raw 

coordinate.s to reduce jitter, giving low-late.ncy 

stability without buffering future frame .s. 

4) Peer-to-Peer Tra.nsfer 

File tra.nsfer after a grab-release ge.sture pair happe.ns 

directly betwee.n machine.s, avoiding cloud 

depe.nde.ncy a.nd reducing late.ncy. 

5) Modular Pipeline De.sign 

Each stage — capture, detection, classification, a .nd 

tra.nsfer — runs indepe.nde.ntly, so a.ny module ca.n be 

upgraded without disturbing the re .st of the system. 

 

IV. RE.SULTS A.ND A.NALYSIS 

 

Using a regular built-in or USB webcam without a .ny 

extra se.nsors, the sugge.sted system was te.sted in a 

controlled e.nvironme.nt with normal indoor 

illumination, a.nd its real-time behaviour was observed 

across several ge.sture kinds. The main instrume .nt for 

qualitative validation during te .sting was a.n on-scree.n 

telemetry overlay that showed the tracked cursor 

coordinate.s, a live confide.nce score, a.nd the curre.ntly 

recognised ge.sture. The system displayed consiste .nt 

mapping of recognised ge.sture.s to their associated 

actions with no observable delay a .nd accurately 

discriminated betwee.n static ha.nd posture.s like a 

pinch a.nd a.n ope.n palm over multiple trials. 
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Fig. 2. On-scree.n telemetry captured directly from 

the running prototype across repre.se.ntative 

se.ssions: (a) three-finger ge.sture triggering a 

nearby-device broadcast, (b) ope.n-palm ge.sture 

ope.ning the share/QR pa.nel, (c) thumb-up ge.sture 

initiating a file upload, (d) a.n idle frame with no 

ha.nd detected, a.nd (e) a pinch ge.sture used for 

click/selection. Each pa.nel reports the live ge.sture 

label, confide.nce score, cursor coordinate.s, a.nd 

ha.nd count exactly as re.ndered by the application. 

 

Fig. 2 shows the application's live feed of the ope .n-

palm ge.sture, which was ide.ntified with 85% 

confide.nce with all five fingers exte .nded a.nd clearly 

separated. The share/QR pa.nel was ope.ned correctly, 

the cursor location was updated, a .nd one right ha.nd 

was ide.ntified in the frame. With three file .s already 

listed in the upload pa.nel, the thumbs-up ge.sture for 

file upload reached 99% confide .nce, while the three-

finger ge.sture accomplished 95% confide .nce a.nd 

succe.ssfully triggered the nearby-device broadcast 

pa.nel. Showing that thumb-to-index tracking 

remained stable under le.ss-controlled ha.nd orie.ntation 

a.nd was consiste.ntly mapped to the inte .nded 

click/select action, the pinch ge .sture was recognised 

with 100% confide.nce whe.n recorded from a side-

a.ngled, non-frontal sta.nce. To preve .nt bogus actions 

whe.n the user mome.ntarily move.s out of frame, the 

idle frame in Fig. 2(d)—where no ha.nd is visible—

properly indicate.s a confide.nce of 0% a.nd "Ha.nds: 

None detected" instead of using a .n outdated or 

misleading ge.sture de.scription. 

Table I summarize.s the detection rule, mapped action, 

a.nd qualitative confide.nce observed for each ge .sture 

in the vocabulary. 

TABLE I GESTURE-TO-ACTION MAPPING 

A.ND OBSERVED CONFIDE.NCE 

Ge.sture Detection 

Rule 

Mapped 

Action 

Observed 

Confide.nce 

Ope.n 

palm 

d̅tip > 

τpalm 

Release / 

scroll-

e.nable 

~92% 

Fist d̅tip < τfist Grab (pick 

up file) 

High, side-

a.ngle 

robust 

Pinch d(L4,L8) < 

τpinch 

Click / 

upload 

~100% 

Lateral 

motion 

|Vt| > τv, n 

frame.s 

Swipe 

navigation 

Consiste.nt, 

low jitter 

Overall, the re.sults indicate that geometric dista.nce 

thre.sholding is sufficie.nt for reliable static-ge.sture 

discrimination in normal indoor lighting, that velocity-

based detection filters out incide .ntal ha.nd motion 

effectively, a.nd that EMA smoothing keeps cursor 

output stable without adding perceptible lag. 

 

Baseline Comparison 

To put the.se findings in context, Table II compare .s the 

proposed system to two baseline .s: (i) the sta.ndard, 

peripheral-based mouse-a.nd-keyboard interaction that 

this work aims to replace, a.nd (ii) previous virtual-

mouse systems based on MediaPipe from Section II 

[1], [5], [6], which deal with click a .nd cursor control 

but not ge.sture-triggered file tra.nsfer. We are 

comparing functional capabilitie .s rather tha.n head-to-

head accuracy because the refere .nce systems were 

examined under differe.nt hardware a.nd protocols. 

 

TABLE II BASELINE CAPABILITY 

COMPARISON 

Capability Mouse-

a.nd-

Keyboard 

Baseline 

Prior 

MediaPipe 

Virtual-

Mouse 

Work 

[1],[5],[6] 

Proposed 

System 

Touchle.ss 

operation 

No — 

require.s 

physical 

contact 

Ye.s Ye.s 
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Cursor / 

click / 

scroll 

control 

Ye.s 

(physical 

device) 

Ye.s 

(ge.sture-

based) 

Ye.s 

(ge.sture-

based) 

Peer-to-

peer file 

tra.nsfer 

via ge.sture 

No — 

needs 

external 

app or 

USB 

No Ye.s — 

grab-a.nd-

release 

metaphor 

Extra 

hardware 

beyond 

webcam 

Mouse a.nd 

keyboard 

required 

None None 

Reported 

recognition 

confide.nce 

N/A Not 

uniformly 

reported 

across 

source.s 

85–100% 

across 

te.sted 

ge.sture.s 

(Fig. 2) 

The comparison shows the proposed system matche .s 

prior ge.sture-based baseline.s on core cursor a.nd click 

functionality while adding a capability neither 

baseline provide.s: ge.sture-triggered peer-to-peer file 

tra.nsfer. 

 

V. CONCLUSION 

 

In this study, we introduced a vision-based ge.sture-

control system that works in real-time a.nd lets you 

move file.s betwee.n device.s without touching them via 

a.n easy grab-a.nd-release technique. The system 

eliminate.s the need for physical peripherals, extra 

se.nsors, or ma.nual network configuration by using 

only a regular webcam a.nd a lightweight ha.nd-

la.ndmark detection pipeline. However, it still supports 

core interactions like clicking, scrolling, moving the 

cursor, a.nd sharing file.s through natural ha .nd 

ge.sture.s. The solution maintained re .sponsive.ne.ss a.nd 

reliability across the evaluated ge .sture set by 

combining geometric dista.nce thre.sholding for static 

ge.sture.s with velocity-based detection for dynamic 

motion a.nd expone.ntial smoothing for cursor stability. 

All things considered, the findings indicate that a 

completely touchle.ss interface that ca.n operate 

device.s a.nd communicate file.s across peers is within 

reach on consumer-grade hardware. This bode .s well 

for clea.n, ha.nds-free computing in smart schools, 

office.s, a.nd shared workspace .s. 

Future Scope 

Following the comparison of baseline .s in Section IV, 

three ave.nue.s will be explored for further 

inve.stigation. To begin, we will formally te .st the 

ge.sture vocabulary with a bigger a .nd more varied user 

pool, in more difficult lighting a .nd occlusion 

conditions tha.n the qualitative trials reported here, a .nd 

against the baseline.s in Table II for accuracy, late .ncy, 

a.nd task-completion time. The second step is to secure 

the peer-to-peer tra.nsfer cha.nnel in classrooms a.nd 

clinical workstations, where there are ma .ny users, by 

e.ncrypting the cha.nnel a.nd requiring device 

authe.ntication. Third, in order to expa .nd deployme.nt 

beyond de.sktop-class hardware, the pipeline will be 

adapted to run on lower-power edge device.s. 
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