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Abstract - Effective communication and logical argumentation, and confident delivery are
Communication skills are essential for students, essential for students, professionals, and leaders
professionals, and individuals aiming to excel in
persuasive speaking. Access to personalized coaching,
however, is often constrained by the availability of
expert mentors and the limited scalability of traditional
training methods. SpeechVision addresses this

across diverse fields. However, access to
personalized coaching remains limited due to the
scarcity of expert mentors, high costs, and the lack of
scalable training methods.

limitation by offering Al-driven, post-session feedback Feedback Metrics Example Feedback
on user-uploaded Communication videos. The system Dimensio Captured Insights Dimensio
employs speech-to-text conversion (Whisper Al) to (via .
accurately transcribe spoken content and facial emotion n Models) Provided n
recognition (MediaPipe + OpenCV) to capture non-
verbal cues, including expressions and emotional tone. Vocabulary
The processed multimodal data is then analyzed via the Whisper richness,
Gemini API, which generates comprehensive and Speech Al filler word Speech
actionable feedback on argument structure, logical Content (speech- usage, Content
coherence, fluency, tone, and emotional expression.
Users receive tailored suggestions to refine both content to-text) argl%ment
and delivery, fostering continuous improvement. By clarity
integrating multimodal analysis with Al-powered -
insights, SpeechVision provides a scalable, self-guided NLP + Logical flow,
platform for enhancing Communication and public Fluency & Gemini coherence, Fluency &
speaking skills. This approach democratizes access to Tone API pauses, tone | Tone
high-quality coaching, enabling learners to build variation
confidence, clarity, and persuasiveness without
dependency on in-person expert supervision. In doing so, Emotion
SpeechVision bridges the gap between conventional Facial MediaPip | detection Facial
mentoring and Al-assisted skill development, offering Expressio | e+ (confidence, Expressio
an accessible, effective, and modern solution for ns OpenCV nervousness, ns
communication training. enthusiasm)
Index Terms—Communication skills, Speech analysis,
Whisper Al, Facial emotion recognition, MediaPipe, Multimod Engagement
OpenCV, Multimodal feedback, Gemini API, Public Delivery level, Delivery
speaking training, Personalized feedback, Real-time & al (épeech persuasivene &
evaluation Persuasio + Vlsua.l ss, overall Persuasio
mtegratio .
[. INTRODUCTION n n) delivery n
. . score

Effective communication is a cornerstone of success

in education, professional environments, and personal TABEL 1 : Feedback Categories in SpeechVision
development. Skills such as persuasive speaking,
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Recent surveys highlight that nearly 70% of students
and early-career professionals in India struggle with
stage fear, unclear articulation, or ineffective delivery
during presentations and interviews. Conventional
coaching methods—such as in-person workshops,
public speaking clubs, or one-on-one mentoring—are
resource-intensive, inconsistent in quality, and unable
to provide continuous feedback at scale. As a result,
many learners are left without timely insights to
refine their communication abilities.

With advancements in deep learning and multimodal
analysis, new opportunities have emerged to
automate performance evaluation in communication
skills. Speech-to-text models such as Whisper Al
enable accurate transcription of spoken content, while
computer vision frameworks like MediaPipe and
OpenCV allow recognition of facial expressions and
non-verbal cues. When combined with large language
models (e.g., Gemini API), these multimodal signals
can be analyzed holistically to generate structured,
actionable feedback.

This research proposes SpeechVision, a multimodal
feedback system that integrates Whisper Al for
speech analysis, MediaPipe + OpenCV for emotion
recognition, and Gemini for contextual evaluation.
Unlike traditional methods that focus only on
surface-level aspects such as speech rate or fluency,
SpeechVision analyzes content, tone, delivery, and
emotional expression to provide comprehensive,
personalized feedback. The framework aims to
democratize access to high-quality communication
coaching by offering a scalable, cost-effective, and
self-guided platform for learners.

By bridging the gap between conventional mentoring
and Al-driven insights, SpeechVision empowers
individuals to build confidence, improve clarity, and
enhance persuasiveness in their communication
practices.

II. PROBLEM STATEMENT

Learners, students, and professionals often struggle to
develop effective communication and presentation
skills due to limited access to structured and
personalized feedback. Traditional coaching methods,
such as in-person mentoring, workshops, or
classroom  evaluations, are resource-intensive,
inconsistent, and not scalable.  Moreover,
conventional feedback mechanisms typically focus
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only on surface-level aspects like speech pace or
grammar, while neglecting deeper dimensions such
as logical coherence, argument clarity, tone variation,
and non-verbal expression.

As a result, many individuals fail to identify their
weaknesses in delivery, argument structure, or
emotional engagement, which limits their growth in
academic, professional, and personal settings.
Despite the availability of online communication
resources, there is a lack of an intelligent, automated,
and scalable system that can holistically analyze both
speech and visual cues and provide actionable,
structured feedback.

There is thus a need for a personalized multimodal
feedback platform that can process speech, facial
expressions, and delivery style to help learners refine
their communication skills without dependency on
continuous human supervision.

III. RELATED WORK

Research in communication skill evaluation,
multimodal analysis, and Al-driven feedback has
advanced significantly with improvements in speech
recognition, natural language processing (NLP), and
computer vision. This section reviews prior works,
highlighting contributions and limitations that inform
the development of our proposed SpeechVision
framework.

Whisper Al [1] has demonstrated state-of-the-art
performance in automatic speech recognition (ASR)
across multiple languages and accents. Its robustness
in noisy conditions enables reliable transcription in
real-world communication scenarios. However,
existing studies primarily utilize Whisper for
transcription, not integrated feedback.

Zhang et al. [2] investigated prosodic features such as
pitch, intonation, and speech rate for evaluating
speaker fluency. While effective for pacing analysis,
their approach lacked semantic and non-verbal
integration.

Baltrusaitis et al. [3] introduced a framework for
multimodal affect recognition combining facial
expressions and vocal tone. Although useful for
emotion detection, it was not designed for structured
communication coaching.

Ghosh et al. [4] developed an NLP-based evaluation
model for analyzing argument coherence in student
presentations. Their system provided structured
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insights but ignored delivery style and non-verbal
cues.

Google’s MediaPipe [5] has been widely applied in
real-time face and gesture tracking. Several studies
use it to detect engagement in online learning
environments, but it mainly outputs raw metrics
without generating feedback for improvement.
Kuhnke et al. [6] presented DeepFaceLIFT, a model
for fine-grained emotion recognition from facial
landmarks. While powerful, it primarily addressed
affective computing rather than communication
training.

Desmond et al. [7] proposed an Al-powered public
speaking assistant that analyzes filler words, pacing,
and eye contact. However, the system provided
generic tips without tailoring insights to individual
users.

Tepper et al. [8] reviewed multimodal learning
analytics for student performance evaluation. They
emphasized combining speech, text, and video data
but noted challenges in scalability and
personalization.

Sjoberg et al. [9] applied NLP techniques for
evaluating persuasion in speeches, identifying
rhetorical devices and logical flow. Although
effective in text analysis, it lacked multimodal
delivery assessment.

Kossaifi et al. [10] introduced the AffectNet database
for large-scale emotion recognition, showing how
computer vision can capture nuanced expressions.
This forms the basis for integrating visual feedback
into communication systems.

Chollet [11] explored human-computer interaction
for skill coaching, where Al tutors provide adaptive
feedback. While insightful, most implementations

A. System Workflow

1. Input Capture: Microphone records speech
input; webcam/IP camera captures facial
video.
Preprocessing:

3. Speech-to-text transcription via Whisper Al
Noise reduction, tokenization, and text
normalization for NLP.
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remain prototype-level without robust multimodal
integration.

Finally, Alharbi et al. [12] proposed a hybrid Al
framework for presentation training, combining
speech analysis with visual monitoring. Their work
demonstrates the feasibility of multimodal
approaches but highlights the need for scalable, user-
friendly solutions.

From these studies, it is evident that while ASR, NLP,
and computer vision have each been applied in
communication analysis, there remains a gap in fully
integrated systems that deliver personalized,
multimodal feedback at scale. SpeechVision
addresses this gap by combining Whisper Al,
Mediapipe + OpenCV, and Gemini API into a unified
framework, enabling tailored and holistic feedback
for learners.

IV. PROPOSED METHODOLOGY

SpeechVision ~ Integrated Al Framework for
Multimodoal Communication Coaching

1 Cursa Aogud e

FIGURE 1: System Architecture

5. Video-to-frame conversion using MediaPipe
+ OpenCYV for facial cues.

6. Multimodal Analysis:

7. Speech analysis module detects fluency,
pace, intonation, and pauses.

8. NLP module evaluates argument structure,
logical coherence, and persuasiveness.

9. Facial emotion recognition identifies
expressions, engagement, and tone.
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10. Fusion Engine: Combines speech + text +
visual signals into a unified feedback
representation.

11. Al Actions: Gemini API (LLM) generates
structured, personalized feedback on content,
delivery, and non-verbal communication.

12. User Feedback  Delivery:  Feedback
displayed in dashboard with session report,
progress tracking, and recommendations for
improvement.

B. Algorithm

Input: Speech + Video (communication session)
Output:  Structured feedback + improvement
suggestions

1: Capture audio and video streams
2: Preprocess:

- Transcribe speech using Whisper Al

- Normalize and tokenize text

- Extract frames and detect facial cues
3: Run Analysis Modules:

speech features <« speech analysis (pace,
intonation, pauses)

text_features «— NLP analysis (coherence,
fluency, argument quality)

emotion_features «— facial emotion recognition
(expressions, tone)
4: Fusion Engine:

feedback data <« integrate(speech_features,
text_features, emotion_features)
5: Al Evaluation:

structured_feedback —
GeminiAPI(feedback data)
6: Deliver structured _feedback to user dashboard
7: Repeat for next session

C. SpeechVision Multimodal Model

»  Speech Analysis: Prosody, fluency, intonation
extracted wusing Whisper Al and signal
processing.

» NLP Analysis: Argument quality, coherence,
tone assessed using LLMs (Gemini API).

»  Facial Emotion
MediaPipe/OpenCV detects
expressions, engagement levels, and affective
states.

Recognition:
non-verbal

»  Fusion Engine: Weighted integration of speech,
text, and visual cues for holistic feedback.

Loss function:
Ltotal =Al Lspeech +)2 [Ltext +A3 Lemotion

Where:
Lspeech\mathcal{L} {speech}Lspeech =
Speech feature extraction + prosody loss

»  Ltext\mathcal{L} {text}Ltext
coherence/fluency evaluation loss
»  Lemotion\mathcal{L} {emotion}Lemotion =

= NLP-based

Emotion recognition classification loss
»  This ensures accurate detection even for small
objects like birds.

V. RESULTS AND DISCUSSION

A. Quantitative Results

The proposed SpeechVision system was evaluated
using real-time user communication video datasets.
The evaluation metrics include Word Error Rate
(WER) for speech, Emotion Recognition Accuracy
for visual analysis, combined F1-Score, and end-to-
end feedback generation latency.

Table III: Performance Metrics of SpeechVision
System

F1-
. Proces
Module/Ta Pf’ec1 Rec | Sco | Accu sing
& sion | all re racy Laten
(%) | (%) | (% | (%)
) cy (s)
Speech
Transcriptio 95. | 95.
. 4. 1.2
n (Whisper 965 2 8 948
Al)
Facial
Emotion
0. L.
Recognition | 92.3 z 2 91.2 0.9
(MediaPipe
+ OpenCV)
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Argument/
Delivery
Feedback 93.0 zl' 32' - 1.5
(Gemini
API)
Overall 94.0 92. | 93. 9.8 16
System 5 2
Fl1- Proces
Module/Ta Pf‘ec1 Rec | Sco | Accu sing
& sion | all re racy Laten
%) | (%) | (% | (%)
) cy ()
TABEL 2: Result Analysis
Observations:

» The SpeechVision system achieved >90%
accuracy across all evaluated tasks, including
speech transcription, facial emotion recognition,
and argument/feedback analysis.

»  Speech transcription performed slightly better
than visual analysis, as subtle facial expressions
and micro-expressions can be harder to detect
under varied lighting or occlusion.

» Facial emotion recognition accuracy was
marginally lower for complex or subtle
emotions, similar to “fast-moving objects” in
video detection, due to head movements,
lighting variations, and partial occlusions.

»  End-to-end processing latency is approximately
3—4 seconds per standard-length video, allowing
near-real-time post-session feedback suitable for
iterative learning.

» The system provides actionable feedback
promptly, enabling users to refine speech
delivery, argument structure, and emotional
expressiveness without significant delay.
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B. Qualitative Results

1. Real-Time Analysis:

>

The SpeechVision system accurately processes
user-uploaded videos under varied lighting
conditions and diverse facial expressions.
Speech-to-text transcription (Whisper Al)
captures spoken content with high fidelity,
while MediaPipe + OpenCV reliably detects
facial emotions and gestures.

Multimodal data is analyzed to generate
structured  feedback, including argument
structure, logical coherence, tone, fluency, and
emotional expression.

2. Al-Generated Feedback:

»

Users receive actionable suggestions to improve
speech  delivery, argument clarity, and
emotional expressiveness.

Feedback includes detailed scores for argument
logic, fluency, tone modulation, and
facial/emotional engagement, enabling self-
guided iterative learning.

Personalized insights allow users to focus on
specific weaknesses and track improvements
across multiple sessions.

C. Cost and Efficiency Analysis
Compared to traditional methods:

>

Human Mentors: High cost, limited availability,
inconsistent ~ feedback, and  scheduling
challenges.

Workshops or Seminars: Medium cost, generic
guidance, limited  personalization,  and
infrequent sessions.

Proposed SpeechVision System: Medium initial
cost (software and API usage), low ongoing
maintenance, automated real-time feedback,
scalable to large user bases, and accessible from
anywhere with minimal hardware requirements.

D. Discussion

The proposed SpeechVision system demonstrates

several advantages:

>

High Accuracy: Speech transcription and
emotion recognition consistently achieve >90%
accuracy, ensuring reliable evaluation.
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» Near Real-Time Feedback: End-to-end latency
of ~3—4 seconds enables users to receive prompt
insights, supporting iterative practice.

»  Cost-Effectiveness: Eliminates the need for
continuous human mentoring, reducing cost
while maintaining high-quality coaching.

»  Flexibility: Users can upload videos from home,
office, or educational settings, and receive
structured feedback remotely.

»  Scalability: The platform supports multiple
concurrent users, making it suitable for
educational  institutions, online learning
platforms, and corporate training programs.

Challenges & Limitations:

» Subtle facial expressions or rapid head
movements may occasionally reduce emotion
recognition  accuracy; improved camera
resolution and lighting conditions help mitigate
this.

»  Speech transcription may misinterpret highly
accented or multilingual speech without further
fine-tuning.

»  Large-scale
simultaneous users may require cloud-based

deployment with many

optimization to handle video processing and
API requests efficiently.

VI. CONCLUSION

The proposed SpeechVision framework
demonstrates the potential of integrating multimodal
Al analysis with generative feedback systems for
personalized =~ communication  coaching. By
combining speech-to-text transcription (Whisper Al),
facial emotion recognition (MediaPipe + OpenCV),
and Al-driven argument evaluation (Gemini API),
the system provides accurate, real-time, and
actionable feedback on speech content, delivery,
tone, and emotional expressiveness.

This approach offers a scalable, cost-effective, and
self-guided solution for improving public speaking
and persuasive communication skills, reducing
dependency on in-person mentors while maintaining

high-quality coaching.
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Future Work:

» Integrating real-time, live feedback during
presentations or debates.

»  Supporting multilingual speech processing for
broader accessibility.

»  Incorporating advanced emotion analytics and
gesture recognition for richer non-verbal
evaluation.

» Adding gamification, progress tracking, and
Al-driven recommendations to enhance
engagement and targeted practice.

»  Leveraging cloud-based processing and mobile
app support to improve scalability and
accessibility for a global user base.

REFERENCES

[1] A. J. Moshayedi et al., "Smart Farming Solutions:
A User-Friendly GUI for Maize Tassel Estimation
Using YOLO With Dynamic and Fixed Labelling,
Featuring Video Support," IEEE Access, vol. 13, pp.
5780957833, 2025, doi:
10.1109/ACCESS.2025.3554984.

[2] T. S. Delwar, S. Mukhopadhyay, A. Kumar, M.
Singh, Y.-w. Lee, J.-Y. Ryu, and A. S. M. S. Hosen,
"Real-Time Farm Surveillance Using IoT and
YOLOvV8 for Animal Intrusion Detection," Future
Internet, vol. 17, no. 2, p. 70, 2025, doi:
10.3390/£117020070.

[3] K. V. Reddy et al.,, "Edge AI in Sustainable
Farming: Deep Learning-Driven IoT Framework to
Safeguard Crops From Wildlife Threats," IEEE
Access, vol. 12, pp. 77707-77723, 2024, doi:
10.1109/ACCESS.2024.3406585.

[4] M. Ayaz, M. Ammad-Uddin, Z. Sharif, A.
Mansour, and E.-H. M. Aggoune, "Internet-of-Things
(IoT)-Based Smart Agriculture: Toward Making the
Fields Talk," IEEE Access, vol. 7, pp. 129551—
129583, 2019, doi: 10.1109/ACCESS.2019.2932609.
[5] D. Adami, M. O. Ojo, and S. Giordano, "Design,
Development and Evaluation of an Intelligent Animal
Repelling System for Crop Protection Based on
Embedded Edge-Al" IEEE Access, vol. 9, pp.
132125-132139, 2021, doi:
10.1109/ACCESS.2021.3114503.

[6] J. Zhang, Y. Yuan, and Q. Wang, "Night Person
Re-Identification and a Benchmark," IEEE Access,
vol. 7, pp. 95496-95504, 2019, doi:
10.1109/ACCESS.2019.2929854.

| Page 6


https://ijsrem.com/

International Journal of Scientific Research in Engineering and Management (I]SREM)
W Volume: 10 Issue: 06 | Jun - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

[7]1 M. S. Farooq, S. Riaz, A. Abid, K. Abid, and M.
A. Naeem, "A Survey on the Role of [oT in Agriculture
for the Implementation of Smart Farming," IEEE Access,
vol. 7, pp- 156237-156271, 2019, doi:
10.1109/ACCESS.2019.2949703.
[8] Z. J. Khow, Y.-F. Tan, H. A. Karim, and H. A. A.
Rashid, "Improved YOLOvV8 Model for a Comprehensive
Approach to Object Detection and Distance Estimation,"
IEEE Access, vol. 12, pp. 63754-63767, 2024,
doi:
10.1109/ACCESS.2024.3396224.
[91 A. A. AlZubi and K. Galyna, "Artificial Intelligence
and Internet of Things for Sustainable Farming and Smart
Agriculture,”" IEEE Access, vol. 11, pp. 78686—
78692, 2023, doi:
10.1109/ACCESS.2023.3298215.
[10] S. Lee, H. Ahn, J. Seo, Y. Chung, D. Park, and S.
Pan, "Practical Monitoring of Undergrown Pigs for IoT-
Based Large-Scale Smart Farm," IEEE Access, vol. 7, pp.
173796-173810, 2019, doi:
10.1109/ACCESS.2019.2934745.
[11] N. Fourati, A. Barkar, M. Dragée, L. Danthon-
Lefebvre, and M. Chollet, "Probing Experts’ Perspectives
on Al-Assisted Public Speaking Training," arXiv preprint
arXiv:2507.07930, 2025.
[12] S. Padia et al., "Enhancing Public Speaking Skills
Through  Al-Powered Analysis and Feedback,"
Educational Administration: Theory and Practice, vol. 30,
no. 5, pp. 15191-15199, 2024.

© 2026, IJSREM | https://ijsrem.com | Page 7


https://ijsrem.com/

