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Abstract: This project presents a Multimodal Intelligence for Recruitment Process Automation platform designed to transform
traditional hiring into an efficient, unbiased, and intelligent end-to-end process. The system integrates advanced Artificial Intelligence
and Machine Learning techniques across five key recruitment stages: semantic resume screening using Sentence-BERT (SBERT),
aptitude and cognitive assessment using a Gradient Boosting Classifier (GBC), technical coding skill evaluation using Code2Vecbased
embeddings, personalized Al interview question generation using a fine-tuned T5 Transformer, and multimodal behavioral analysis
combining MFCC with BiLSTM for voice assessment and a Spatiotemporal Attention Network for facial expression and engagement
detection. All modules are unified within a Flask-based web platform that provides real-time dashboards, candidate rankings, and
automated evaluation reports for HR teams. Experimental results demonstrate high accuracy in candidate evaluation across all
modules, making the system a reliable and scalable solution for modern recruitment automation.
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I. INTRODUCTION

Recruitment has become increasingly complex as organizations scale their operations and handle large volumes of job
applications across multiple roles. Traditional hiring workflows rely heavily on manual resume filtering, subjective
evaluations, and time-intensive interviews, which struggle to deliver fairness, efficiency, and consistency. These limitations
often lead to misaligned candidate selection, delayed hiring cycles, and biases in the evaluation process. In software
engineering recruitment, the hiring process typically includes resume screening, aptitude tests, technical coding assessments,
HR interviews, and personality evaluation. Traditional recruitment methods involve significant manual effort from recruiters
and often lead to inconsistent evaluations and biased decision-making. Recent advances in Natural Language Processing and
Deep Learning have enabled automated recruitment systems capable of evaluating candidates across technical, cognitive, and
behavioral dimensions. Sentence-BERT (SBERT) enables semantic matching between resumes and job descriptions.
Gradient Boosting Classifiers provide accurate aptitude scoring. Code2Vec allows code structure and logic analysis. Long
Short-Term Memory (LSTM) networks effectively analyze behavioral patterns during interviews. This project presents a
Multimodal Intelligence for Recruitment Process Automation platform that integrates all evaluation stages into a single Al-
driven framework. The system uses Flask-based architecture to deliver real-time monitoring, automated assessments, and
data-driven hiring decisions for organizations. The remainder of this paper is organized as follows. Section Il discusses
related literature. Section 111 describes the proposed system architecture. Section IV explains the methodology. Section V
presents experimental results. Section VI covers limitations and future work. Section V11 concludes the paper.

1. LITERATURE REVIEW

A. Al-Based Recruitment and Resume Screening Systems

Al-based recruitment and resume screening systems automate the process of candidate shortlisting using Artificial
Intelligence and Natural Language Processing techniques. These systems analyze resumes, job descriptions, skills, and
experience to identify suitable candidates for specific roles. Advanced semantic analysis models improve candidate-job
matching accuracy beyond traditional keyword-based filtering. However, these systems rely heavily on historical hiring
data and may inherit existing recruitment biases. Maintaining transparency and fairness in Al-based hiring decisions
remains a major challenge. [Hung Lee, 2021]
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B. Al-Powered Virtual Interview and HR Assistant Systems

Al-powered virtual interview systems use conversational Artificial Intelligence and Natural Language Processing to
automate HR interview processes. These systems conduct interviews by asking predefined or dynamically generated
questions and analyzing candidate responses using speech and text processing techniques. They help reduce recruiter
workload and maintain standardized evaluation procedures. However, these systems may fail to fully understand emotional
context and non-verbal communication, and some candidates feel uncomfortable interacting with Al instead of human
interviewers. [Bernard Marr, 2022]

C. Automated Technical Skill Assessment Systems

Automated technical skill assessment systems evaluate programming and problem-solving abilities using Al and online
coding assessment platforms. These systems analyze source code submissions, execution outputs, and logical correctness to
measure candidate technical skills. Modern systems use Machine Learning models to evaluate code quality, syntax patterns,
efficiency, and programming practices. However, many systems focus on output-based evaluation and fail to analyze deeper
programming logic or real-world software development capabilities. [Sinan Aral, 2020]

D. Deep Learning-Based Facial Expression and Voice Analysis

Deep Learning-based facial expression and voice analysis systems evaluate candidate behavior, communication skills, and
emotional responses during interviews. These systems apply computer vision and speech processing to analyze facial
expressions, eye contact, voice tone, confidence levels, and speaking patterns using CNN, MFCC, and BiLSTM models.
They help recruiters gain deeper insights into candidate confidence and engagement. However, these systems may face
challenges due to lighting variations, accent differences, and environmental noise, as well as ethical concerns around
behavioral monitoring. [Paul Ekman, 2020]

E. Semantic Candidate Matching Using Sentence-BERT

Semantic candidate matching systems use Sentence-BERT (SBERT) and NLP techniques to improve resume screening
accuracy. Unlike traditional keyword-based systems, SBERT generates contextual sentence embeddings that capture the
semantic meaning of candidate skills and job descriptions. This enables more accurate matching based on contextual
understanding rather than exact keyword similarity. However, SBERT-based systems require large computational resources
and may struggle with domain-specific terminology and continuously changing job market requirements. [Nils Reimers and
Iryna Gurevych, 2019]

1. SYSTEM ARCHITECTURE

The proposed Multimodal Intelligence for Recruitment Process Automation platform is an intelligent hiring system that
integrates Artificial Intelligence, Machine Learning, Natural Language Processing, and Deep Learning techniques to
automate the complete recruitment process from company registration to final candidate selection.

The platform consists of four major modules: Virtual HR Admin Module, Recruiter Module, Candidate Module, and
Virtual HR/HR Bot Module. The Virtual HR Admin Module acts as the central management component, responsible for
approving company registrations, managing users, maintaining system security, controlling interview questions, and
monitoring recruitment activities. The Recruiter Module enables companies to manage hiring activities, post job vacancies,
view shortlisted candidates, schedule interviews, and provide offer letters. The Candidate Module allows job seekers to
register, upload resumes, attend assessments, and participate in Al-driven interviews. The Virtual HR and HR Bot Module
performs semantic resume screening, aptitude evaluation, coding assessment, Al-driven interview question generation, and
multimodal behavioral analysis.
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Fig. 1. System Architecture of the Multimodal Intelligence

Recruitment Platform showing Virtual HR Admin, Recruiter,
Candidate, and HR Bot modules connected to the Flask web server, Al evaluation pipeline, and real-time monitoring
dashboard.

IV. METHODOLOGY

A. Stage 1: Intelligent Resume Screening

1. Semantic Matching with Sentence-BERT

The resume screening module uses Sentence-BERT (SBERT) to perform semantic matching between candidate resumes
and job descriptions. SBERT generates dense vector embeddings that capture the contextual meaning of skills,
qualifications, and experience. These embeddings are compared using cosine similarity to produce an objective candidate-
job match score.

2. Contextual Understanding

Unlike traditional keyword-based filtering methods, the SBERT-based module understands contextual relevance of
candidate profiles. The system uses the all-MiniLM-L6-v2 model to encode resume text and job descriptions into
numerical representations, enabling more accurate alignment beyond simple term frequency matching.

3. Candidate Shortlisting

The match scores are ranked and used to automatically shortlist candidates whose profiles closely align with job
requirements. This reduces manual resume review effort significantly and minimizes recruiter bias in the initial screening
stage.

View Assesment Scor

Fig. 2. Data Flow Diagram of the Recruitment Automation
Platform showing candidate input, Al evaluation pipeline, and output report generation.
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B. Stage 2: Aptitude and Cognitive Assessment

1. Gradient Boosting Classifier

Aptitude and cognitive abilities are evaluated using a Gradient Boosting Classifier (GBC). This ensemble learning algorithm
analyzes candidate responses to aptitude test questions and predicts performance scores with high predictive accuracy. The
model is trained on labeled assessment data to identify patterns in problem-solving ability and logical reasoning.

2. Assessment Scoring

The GBC model processes normalized feature vectors extracted from candidate test responses and produces a

probability score indicating aptitude performance. A confidence threshold is applied to classify candidates into performance
tiers for further recruitment stages.

3. Objective Evaluation

By replacing subjective human grading with ML-based assessment, the system ensures consistent and unbiased evaluation of
cognitive skills across all candidates, regardless of recruiter preference.

C. Stage 3: Technical Coding Skill Evaluation 1. Code2Vec Embeddings

Technical coding skills are evaluated using Code2Vec-based code embeddings. The system converts submitted source code
into Abstract Syntax Trees (ASTs) and generates vector representations that capture code structure, logic flow, and
programming quality directly from source code.

2. Code Analysis

The Code2Vec model analyzes the semantic meaning of code submissions beyond simple output correctness. It evaluates
code efficiency, algorithmic logic, naming conventions, and programming practices, providing an objective measurement of
technical proficiency.
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Fig. 3. Use Case Diagram showing interactions between
Candidate, Recruiter, Virtual HR Admin, and HR Bot in the recruitment platform.
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D. Stage 4: Al-Powered Final Interview 1. T5-Based Question Generation

The Al-powered interview module uses a fine-tuned T5 (Text-to-Text Transfer Transformer) model to generate
personalized, role-specific interview questions derived from each candidate's resume, skills, experience, and project
history. This ensures every candidate is assessed with questions directly relevant to their background.

2. HR Avatar System

Generated questions are presented through an intelligent HR Avatar system that simulates a human interviewer. The avatar
uses text-to-speech synthesis with gender-appropriate voices to deliver questions naturally. This creates a consistent and
interactive interview experience for all candidates.

3. Interview Management

The Django-based platform manages interview scheduling, session tracking, and response recording. Automated
notifications inform candidates of interview schedules, and all session data is logged for downstream behavioral analysis.
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Fig. 4. Class Diagram illustrating the object-oriented design of the

Recruitment Automation Platform modules including Resume Matcher, Aptitude Scorer, Code Analyzer, and Behavioral
Analyzer.

E. Stage 5: Voice and Behavioral Analysis

1. Voice Assessment with MFCC + BiLSTM

Candidate voice responses are analyzed using Mel Frequency Cepstral Coefficients (MFCC) for feature extraction combined
with a Bidirectional LSTM (BiLSTM) model for sequence analysis. MFCC captures acoustic characteristics of candidate
speech including tone, pace, fluency, and confidence indicators.

2. Facial Expression and Engagement Detection

A Spatiotemporal Attention Network analyzes video frames from the candidate interview session to detect facial
expressions, eye contact patterns, and engagement levels. This module evaluates non-verbal communication cues that reflect
confidence, attentiveness, and behavioral responses.

3. Performance Aggregation

All evaluation scores from resume screening, aptitude assessment, coding skill analysis, voice assessment, and behavioral
analysis are aggregated using a weighted performance model. Normalized scores are combined to produce a final candidate
ranking that supports objective and data-driven hiring decisions.
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Fig. 7. Candidate Details Page showing profile information,
resume upload status, and assessment progress tracking.

Fig. 5. Activity Diagram showing the end-to-end workflow from
candidate registration through resume screening, aptitude test,
coding assessment, Al interview, to final selection decision. L L -

V. DISCUSSION WM: i"i /

A. Sianificance of Results
1. Experimental Evaluation

L T e——

Features

The proposed system was tested using multiple simulated recruitment sessions with candidate profiles across various
engineering domains. The evaluation included all recruitment stages including resume screening, aptitude testing, coding
assessment, Al-driven interviews, and behavioral analysis. The system successfully processed candidates end-to-end and
generated automated evaluation reports for each stage.

2. Summary of System Performance

Experimental results demonstrated strong performance across all evaluation modules. The SBERT-based resume screening
module accurately matched candidate profiles with job requirements using semantic understanding. The GBC aptitude
assessment module predicted cognitive performance with high accuracy. The Code2Vec coding evaluation module
successfully analyzed code quality beyond output correctness. The T5-based question generator produced relevant and
personalized interview questions. The BILSTM voice analysis and Spatiotemporal Attention behavioral module improved
overall assessment reliability by providing multimodal insights.

B. Output Demonstration

The recruitment platform was deployed for internal testing with recruiter and candidate accounts. The system demonstrated
a smooth end-to-end hiring workflow including resume upload, automated shortlisting, aptitude and coding assessments,
Al avatar interviews, and final candidate ranking reports.

® InterviewBo P R vy [ p————

our Account. % Candidate Registration
iebgsece spmem.

Fig. 6. Home Page of the Recruitment Automation Platform showing candidate login, job listing, and navigation to
assessment modules.
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Fig. 8. Vacancies and Eligibilities Page displaying available job postings with required qualifications and candidate match
scores.

C. Limitations and Future Work 1. Limitations

The proposed system has several practical limitations. The SBERT-based resume screening requires high computational
resources and may produce lower accuracy with domainspecific or highly specialized technical terminology. The GBC
aptitude model performance depends on the quality and diversity of training data, and may require retraining for domain-
specific assessments.

The Code2Vec coding evaluation module is primarily effective for object-oriented programming submissions and may not
fully evaluate all programming paradigms or languages. The T5-based question generator may occasionally produce
generic questions if resume content is sparse or poorly structured.

The MFCC + BIiLSTM voice analysis and Spatiotemporal Attention behavioral modules may be affected by variations in
internet bandwidth, microphone quality, camera resolution, and environmental lighting conditions during remote interviews.
2. Future Work

Future improvements include extending the system with multilingual support for resume parsing, question generation, and
avatar-based interviews to serve a broader candidate pool. Advanced emotion recognition and stress level analysis using
physiological signals and facial micro-expression detection can further improve behavioral assessment accuracy.
Cloud-based deployment can handle larger candidate volumes and support global recruitment. Predictive hiring analytics
using Al models trained on historical recruitment outcomes can improve long-term hiring decision accuracy. Integration with
major Learning Management Systems and HR platforms will further streamline the end-to-end recruitment workflow.

VI. CONCLUSION

This project successfully implemented a Multimodal Intelligence for Recruitment Process Automation platform that provides
an automated and technology-driven solution for modern talent acquisition. By integrating semantic resume analysis using
SBERT, Machine Learning-based aptitude and cognitive evaluation using GBC, technical coding skill assessment using
Code2Vec, intelligent Al avatar-driven interviews with T5-generated questions, and multimodal behavioral analysis using
MFCC, BIiLSTM, and Spatiotemporal Attention Networks, the system ensures accurate assessment of candidates across all
dimensions of evaluation.

The platform enhances recruitment transparency and objectivity by eliminating human bias and manual effort while
delivering real-time dashboards, candidate rankings, and performance analytics for HR teams. Automated notifications,
result broadcasts, and detailed evaluation reports improve coordination and streamline the entire hiring workflow. Overall,
this project significantly improves recruitment efficiency, accuracy, and decision-making, making it a scalable and practical
solution for organizations seeking a modern, data-driven approach to hiring.
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