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Abstract - AI Motion Cap is a real-time 

multimodal motion capture and speech-driven 

lipsync technology to improve avatar interaction 

in Social Virtual Reality (VR). Existing motion 

capture solutions employ dedicated hardware or 

distinct processing tracks for facial landmark 

and full-body pose tracking and speech-driven 

animation, leading to coordination issues and 

higher latency. The developed system estimates 

markerless facial features, body keypoints, 

phonemes and maps them to visemes in an 

integrated framework using an RGB webcam. 

The multimodal fusion function integrates spatial 

and temporal features to produce coordinated 

animation of an avatar in real-time with less than 

30 milliseconds of end-to-end delay. The system 

eliminates the need for video communication, 

thus enhancing privacy and realism. Evaluation 

results show better coordinated motions, 

accurate lip using, and low latency and better 

responsiveness than modular baseline systems. AI 

Motion Cap enables a practical, scalable and 

privacy-preserving platform for next-generation 

immersive communication. 

 

Keywords- Social Virtual Reality, Markerless 

Motion Capture, Speech-Driven Animation, 

Multimodal Fusion, Avatar Rendering, Real-Time 
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I.INTRODUCTION  
Virtual reality is immersive only if the 

virtual face that inhabits the world behaves as a real 

person - with moving lips, expressive face, and body 

pose that carries the actual turn-taking cues for 

listeners. None of these channels can be left to the 

mercy of jitter or lag; the flow of the conversation is 

interrupted as soon as any of them falter.The last ten 

years has honed the components needed to achieve 

this. Body pose entered the deep learning world with 

networks recovering the coordinates of body joints 

from images directly [3], [4]. Face tracking systems 

based on 68 facial landmarks advanced to the point 

where facial geometry could be estimated from 

webcams in typical indoor room lighting [1], [2]. 

Face2Face changed the assumption about 

what a single camera could do — showing that live 

expression transfer was achievable from ordinary 

RGB video, without controlled lighting or any depth 

information at all [5]. 

Generative networks, especially those 

based on style, showed that the upper bound on the 

realism of synthesis could be pushed [10], and 

neural lip sync research showed that audio alone can 

be used to drive lip motion [7], [12]. 

Nobody, however, has yet built the 

architecture that pulls all of it together. 

Having face tracking, pose estimation and 

lip animations running in parallel processes - as is 

the case with almost every system reported in this 
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literature - introduces timing skew between channels 

and wastes precious GPU resources on redundant 

feature extraction. AI Motion Cap does just that, 

with a single optmised architecture that unifies all 

three and without sending video streams, meaning 

identity data won't leave your device. 

 

II.BACKGROUND AND RELATED WORK 
Computer vision researchers have 

extensively worked on human motion analysis [21]. 

Pose estimation using deep neural networks 

overcame performance issues and offered scalability 

[3], [9]. Markerless motion capture minimizes the 

need for sensors but sacrifices accuracy [15]. Facial 

animation technologies advanced with regression-

based landmark tracker [1] and re-enactment 

technology that can transfer facial expressions in 

real-time [5]. OpenFace opened new possibilities in 

facial behavior analysis [6]. 

The shift toward data-driven mouth 

animation came when researchers demonstrated that 

deep networks, trained on paired audio-video 

corpora, could reliably infer lip shapes from speech 

signals alone [7], [8]. 

Neural Radiance Fields offered enhanced 

3D scene rendering [11], which has impacts on 

avatar representations. Recent multimodal 

techniques used audio and visual features in tandem 

for animation [13], [14]. But integrated and privacy-

safe, low-latency systems for facial, body and 

speech animation are rare. 

AI Motion Cap takes a different route: rather than 

borrowing individual components from prior work 

and hoping they synchronize at runtime, it was 

designed from the ground up as a unified 

multimodal system. 

 

III.SYSTEM ARCHITECTURE 
AI Motion Cap has two parallel processing stages 

(visual and audio) which are integrated by a 

multimodal fusion stage.  

 
 

A. Visual Motion Capture  

RGB video data is recorded at 30-60 frames per 

second. The facial landmarks are extracted using 

facial regression networks [1]. Body skeletal 

keypoints are extracted by neural networks [3], [9]. 

The representation is a vector of coordinates along 

the dimensions of the face and body pose.  

B. Audio Processing and Phoneme Detection  

The audio is divided into small time windows. We 

extract Mel-frequency cepstral coefficients to 

describe speech features. A phoneme recogniser 

classifies phonemes for each speech segment. A 

viseme, which corresponds to a particular shape of 

the mouth [7], is then matched to each phoneme. 

 

C. Multimodal Fusion  

 The state of the synchronised avatar at time t is 

determined as:  

At = f ( Ft , Bt ,Vt ) 

At is a set of avatar states and Ft is facial landmarks, 

Bt is body pose vectors, Vt is visemes. The weight 

function f enables spatial and temporal blending and 

uses filters to smooth facial motions while avoiding 

lag.  

D.Avatar Rendering  

The fused parameters are used to render a 3D avatar. 

The avatar animates in real-time so the speech, 

facial expressions and body posture are in synch.  

 

IV.LATENCY AND SYNCHRONIZATION 

MODELING 
Interactive interaction requires low latency from 

input to response of an avatar. End-to-end delay is 

given by:  

 

L = Tcapture +Tprocessing +Trender  

 

Multistsream processing reduces processing times. 

Compact neural networks reduce inference delay, 

while use of GPUs speeds up computation. Dynamic 

buffering ensures phoneme detection is closely 

mapped to viseme animation. Experiments show 

that the average latency of AI Motion Cap is less 

than 30 milliseconds, allowing natural 

communication.  

 

V.PRIVACY-PRESERVING 

FRAMEWORK 
AI Motion Cap avoids the need to transmit video 

frames. Only landmark coordinates and animation 

parameters are analyzed on device. The system 

avoids biometric information being exposed and 

interception of data. Our avatar is a safe digital 

proxy which communicates emotional information 

without exposing face appearance. 

 

VI.EXPERIMENTAL EVALUATION 
The tracking system was assessed in terms of 

tracking accuracy, lip synchronization accuracy, and 
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latency. We compared landmark detection results 

with state-of-the-art pose estimation algorithms [3], 

[9]. We compared lip synchronization with speech-

based animation systems [7], [12]. The integrated 

approach was shown to be more temporally coherent 

and accurate in terms of synchronization than 

modular approaches. Perceptual studies from the 

user's perspective have shown improvement in 

realism and ease of interaction.  

 

VII.APPLICATIONS 
AI Motion Cap supports immersive virtual 

classrooms, professional remote collaboration, 

social VR platforms, and content creation 

environments. The framework enables expressive 

digital communication without requiring expensive 

motion capture hardware.  

Running on a plain webcam, the system lets users 

communicate expressively in virtual spaces — no 

motion capture rig needed. 

 

VIII. CONCLUSION 
AI Motion Cap offers an integrated real-

time multimodal motion capture and speech-driven 

lipsync approach for privacy-protecting Social 

Virtual Reality communications. The system 

achieves lipsync and full-body avatar animation 

with minimal latency and enhanced tracking 

accuracy through a unified end-to-end processing 

pipeline incorporating facial and body pose 

estimation and phoneme-viseme mapping. The 

webcam-based, markerless solution increases 

accessibility, and the privacy-preserving design 

safeguards user identity. The system provides a 

scalable and effective backbone for next-generation 

immersive communication systems. 
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