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ABSTRACT

Forensic investigation has evolved significantly with the integration of artificial intelligence and deep learning
techniques, enabling automated psychological profiling from multiple evidence modalities. This survey paper presents
a comprehensive analysis of existing methodologies for personality trait prediction and behavioral analysis using
handwriting, digital communications, multimedia evidence, and other forensic data sources. Traditional forensic
psychological analysis relies heavily on manual examination by trained experts, resulting in time consuming,
subjective, and often inconsistent assessments. Recent advancements in Convolutional Neural Networks (CNN),
Natural Language Processing (NLP), and multi-modal fusion techniques have demonstrated remarkable potential in
automating these processes with improved accuracy and reliability. This paper reviews state-of-the-art deep learning
frameworks for handwriting analysis, examining methodologies including CNN-based feature extraction, Big Five
personality trait classification, transfer learning approaches, and attention-based fusion mechanisms. We analyze five
key research contributions from IEEE, Springer, and Elsevier published between 2018-2025, evaluating their
architectures, datasets, accuracy metrics, and limitations. The survey identifies critical research gaps including the lack
of unified multi-modal platforms, limited forensic-specific datasets, and challenges in real-time processing. Based on
our analysis, we propose a comprehensive multi-modal forensic investigation system that integrates handwriting
analysis, communication pattern detection, scene evidence processing, and document analysis through a unified fusion
engine. The proposed system addresses existing limitations by combining CNN and NLP techniques with secure case
management capabilities, providing forensic investigators with actionable intelligence for criminal investigations while
maintaining consistency and reproducibility in psychological profiling outcomes.

Keywords: Forensic Investigation, Deep Learning, Convolutional Neural Networks, Handwriting Analysis, Personality
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INTRODUCTION

The field of forensic investigation has witnessed
transformative changes with the advent of artificial
intelligence and machine learning technologies.
Psychological profiling, a critical component in
criminal investigations, traditionally relies on the
expertise of trained forensic examiners who manually
analyze evidence to infer personality traits, emotional
states, and behavioral patterns of individuals [1].
However, this conventional approach presents
significant challenges including substantial time
requirements,  subjective  interpretations, and
inconsistent findings across different examiners.
Handwriting analysis, also known as graphology, has
been utilized for decades as a method to understand
personality characteristics. The fundamental premise

is that handwriting reflects the writer's psychological

state and personality traits through various features
such as letter slant, baseline orientation, pressure
patterns, spacing, and stroke characteristics [2]. The
Big Five personality model, comprising Openness,
Conscientiousness, Extraversion, Agreeableness, and
Neuroticism (OCEAN), provides a standardized
framework for personality assessment that has been
widely adopted in both psychological research and
automated analysis systems.

The emergence of deep learning,
Convolutional Neural Networks

particularly
(CNN), has
revolutionized pattern recognition tasks including
handwriting analysis. CNNs possess the inherent
ability to automatically learn hierarchical features
from raw image data, eliminating the need for manual
feature engineering [3]. This capability has enabled
researchers to develop systems that can analyze
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handwriting samples and predict personality traits
with accuracy levels exceeding 85% in controlled
experimental settings.

Beyond handwriting analysis, modern forensic
investigations increasingly require the analysis of
multiple  evidence types including digital
communications (SMS, WhatsApp, email, social
media), video and image evidence, audio recordings,
and text documents. Each modality provides unique
insights into an individual's psychological state and
behavioral patterns. However, existing systems
typically analyze these evidence types in isolation,
failing to leverage the complementary information
available across modalities [4].

Multi-modal fusion represents a promising approach
to address this limitation by integrating analysis
outputs from multiple evidence sources into unified
psychological profiles. Attention-based fusion
mechanisms and transformer architectures have
demonstrated effectiveness in weighting the
contribution of different modalities based on their
reliability and relevance to specific analytical tasks

[5].

This survey paper aims to provide a comprehensive
review of deep learning-based approaches for forensic
psychological profiling, with particular emphasis on
handwriting analysis and multi-modal evidence
integration. The primary objectives of this survey are:

1. To deep
frameworks for personality trait prediction
from handwriting samples, examining their

analyze  existing learning

architectures, methodologies, and
performance metrics.

2. To evaluate the current state of multi-modal
fusion techniques applicable to forensic
evidence analysis.

3. To identify research gaps and limitations in
existing systems, particularly

forensic- specific applications.

regarding

4. To propose directions for future research
toward developing unified multi-modal
forensic investigation platforms.

The remainder of this paper is organized as follows:
Section II presents the literature review and analysis
of selected research papers. Section III provides a
detailed analysis of methodologies, architectures, and
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comparative evaluation. Section IV discusses the
proposed multi-modal forensic investigation system.
Section V presents conclusions and future research
directions.

Literature Review:

I. Analyzing Handwriting to Infer Personality Traits:
A Deep Learning Framework (IEEE, 2024)-

Sayed, Selim, and Ashraf [1] presented a
comprehensive deep learning framework for inferring
personality traits from handwriting analysis. The
research employed multiple state-of- the-art deep
learning models including Convolutional Neural
Networks (CNN), ResNet, and VGG architectures to
enhance understanding and prediction of personality
traits from handwriting samples.

The  methodology  involved  preprocessing
handwriting  images  through  normalization,
binarization, and segmentation techniques before
feeding them into the deep learning pipeline. The
researchers utilized the Big Five personality model as
the classification framework, separate
classifiers for each personality dimension. The CNN
architecture consisted of multiple convolutional

training

layers with ReLU activation functions, max-pooling
layers for spatial reduction, and fully connected layers
for final classification.

The study achieved notable accuracy improvements
compared to traditional machine learning approaches,
demonstrating the effectiveness of deep learning in
capturing subtle handwriting features indicative of
personality traits. Key contributions include the
comparative analysis of multiple deep learning
architectures and the establishment of benchmark
based

performance metrics for

personality prediction.

handwriting-

However, the study presents limitations including
reliance on a single input modality (handwriting
only), dataset constraints in terms of diversity and
size, and the absence of real-time processing
capabilities. The focus on controlled laboratory
conditions may also limit generalizability to real-
world forensic scenarios where handwriting samples
may be degraded or incomplete.
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II . Deep Learning Framework for Handwriting
Recognition and Personality Analysis (Springer,
2025) —

The research published in Multimedia Tools and
Applications [2] presents an advanced deep learning
framework specifically designed for handwriting
recognition with applications in personality analysis.
The study introduces novel preprocessing techniques
and architecture modifications to handle variations in
handwriting styles across different populations.

The proposed methodology employs a multi-stage
processing  pipeline  beginning with image
enhancement to address quality variations in input
samples. The feature extraction stage utilizes a
modified DenseNet architecture, which provides
improved gradient flow and feature reuse compared to
traditional CNN architectures. The classification
stage implements ensemble learning techniques
combining predictions from multiple models to
enhance reliability.

A significant contribution of this research is the focus
on non-native English writers, addressing a critical
gap in existing literature that predominantly focuses
English handwriting. The
demonstrated robust performance across diverse

on native system
writing styles, achieving accuracy rates comparable to
state-of-the-art ~ methods  while = maintaining
computational efficiency.

The limitations identified include the requirement for
high-quality scanned images, computational overhead
associated with ensemble methods, and the absence of
multi-modal integration capabilities. The study also
acknowledges the need for larger, more diverse
datasets to further validate the generalizability of the
proposed approach.

Predicting Personality Based on Handwriting Using
Machine Learning (IEEE, 2018) — Gavrilescu and
Vizireanu [3] presented pioneering work on
personality prediction from handwriting using
machine learning techniques. This foundational study
established methodological frameworks that have
influenced subsequent research in the field.

The methodology combines traditional feature
extraction techniques with machine learning
classification algorithms. Handwriting features
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extracted include baseline angle, letter slant, pen
pressure (estimated from stroke thickness), word
spacing, letter size, and margin characteristics. These
features are mapped to personality dimensions using
Support Vector Machine (SVM) classifiers trained on
labeled datasets.

The Big Five personality model serves as the
classification framework, with separate binary or
multi-class classifiers developed for each personality
dimension. The study reported accuracy rates
exceeding 85% for certain personality ftraits,
establishing baseline performance metrics for the
field.

Key contributions include the  systematic
identification of handwriting features correlated with
specific personality traits and the demonstration of
machine learning viability for automated personality
assessment. The feature extraction methodology,
though manual, provides interpretable results that can
be wvalidated against established graphological

principles.

Limitations of this approach include the reliance on
hand-crafted features, which may not capture all
relevant information present in handwriting samples.
The manual feature extraction process is time-
consuming and requires domain expertise.
Additionally, the study does not address integration
with other evidence modalities or deployment in

operational forensic environments.

A Survey on Emotion Recognition Using Multimodal
Data (Elsevier, 2022)

The comprehensive survey published in Knowledge-
Based Systems [4] provides extensive coverage of
emotion recognition techniques utilizing multimodal
data sources. While not exclusively focused on
forensic applications, the methodologies presented
have direct relevance to psychological profiling in
investigative contexts.

The survey categorizes multimodal emotion
recognition approaches based on the modalities
employed, including text, audio, visual, and
physiological signals. Fusion strategies are classified
into early fusion (feature-level), late fusion (decision-
level), and hybrid approaches. Attention mechanisms
and transformer architectures are identified as
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particularly effective for
relationships.

learning  cross-modal

Key findings indicate that multimodal approaches
consistently outperform unimodal methods, with
relative improvements ranging from 5% to 20%
depending on the task and dataset. The survey
highlights the importance of handling missing
modalities and temporal alignment in real-world
applications.

For forensic applications, the survey identifies
relevant techniques including sentiment analysis from
text communications, acoustic feature analysis from
audio recordings, and facial expression recognition
from video evidence. The integration of these
modalities through attention-based fusion provides a
framework for comprehensive psychological
assessment.

Limitations discussed include the scarcity of forensic-
specific datasets, computational requirements for
real-time multimodal processing, and challenges in

interpreting  fused predictions. The survey
recommends development of domain- specific
datasets and evaluation protocols for forensic
applications.

Recent Trends in Deep Learning-Based

Personality Detection (Springer, 2020)

Mehta, Saxena, and Shrivastava [5] present a
comprehensive review of deep learning approaches
for personality detection, covering methodologies
applied across multiple data modalities including text,
audio, video, and images.

The survey identifies
including the adoption of CNN for image and video
analysis, Recurrent Neural Networks (RNN) and
Long Short-Term Memory (LSTM) networks for
sequential data processing, and hybrid architectures
combining multiple network types. Transfer learning
using pretrained models (VGG, ResNet, BERT) is
identified as a dominant strategy for addressing

limited training data availability.

key architectural trends

For handwriting-based personality detection, the
survey reviews CNN architectures that automatically
learn discriminative features from handwriting
images. The effectiveness of deep learning compared
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to traditional feature engineering approaches is
demonstrated across multiple studies, with deep
learning methods achieving superior accuracy while
requiring less domain expertise for feature design.

The survey identifies multimodal personality
detection as an emerging research direction, noting
the complementary information available across
modalities. Challenges discussed include the need for
annotated multimodal datasets, computational
requirements for training deep models, and the

interpretability of learned representations.

include
architectures for

Recommendations for future research
development of lightweight
deployment on resource-constrained devices,
exploration of unsupervised and semi-supervised
learning approaches to address data scarcity, and
integration of psychological theories to guide

architecture design and improve interpretability.

ANALYSIS
EVALUATION

AND COMPARATIVE

This section presents a detailed analysis of the
literature, comparing methodologies,
architectures, performance metrics, and identifying

reviewed

common themes and research gaps.
Architecture Analysis

The architectural evolution in handwriting-based
personality prediction reflects broader trends in deep
learning research. Key architectural components
identified include:

Convolutional Neural Networks

foundational

(CNN):The
image-based
handwriting analysis. CNNs employ convolutional

architecture for

layers to detect local patterns, pooling layers for
spatial reduction, and fully connected layers for
classification. Standard CNN architectures achieve
85-88% accuracy on personality prediction tasks.

Residual Networks (ResNet):ResNet architectures
address the vanishing gradient problem through skip
connections, enabling training of deeper networks.
ResNet-50 and ResNet-101 variants
applied to handwriting analysis, achieving improved
accuracy through increased model capacity.

have been
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DenseNet : Dense connectivity patterns enable feature
reuse and improve gradient flow. The 2025 Springer
study [2] demonstrates effectiveness of DenseNet for
handwriting analysis, particularly for handling
variations in writing styles.

Transfer Learning : Pretrained models (VGG, ResNet,
EfficientNet) trained on ImageNet provide robust
feature extractors that can be fine-tuned for
handwriting analysis. Transfer learning significantly
reduces training data requirements and improves
convergence.

Attention Mechanisms :Attention-based
architectures enable models to focus on relevant
regions of handwriting samples. Self-attention and
cross-attention mechanisms are particularly effective
for multi-modal fusion.

Dataset Analysis

Dataset availability and quality significantly impact
research progress in handwriting-based personality
prediction. Key datasets identified in the literature
include:

IAM Handwriting Database: Contains handwritten
English text from multiple writers, commonly used
for handwriting recognition research. Personality
labels are not included, requiring supplementary
annotation.

Custom Collected Datasets: Most personality
prediction studies collect custom datasets with
handwriting samples and corresponding personality
assessments (typically Big Five questionnaires).

Dataset sizes range from 100 to 1000+ participants.

Limitations: The absence of large-scale, publicly
available datasets with standardized personality
annotations represents a significant barrier to research
progress. Cross-study comparison is complicated by
differences in data collection protocols, population
characteristics, and annotation methodologies.

Performance Analysis

Performance  comparison  across  studies is
complicated by differences in datasets, evaluation
protocols, and task definitions. However, general
trends can be identified:
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Accuracy by Personality Trait:Certain personality
traits are more reliably predicted from handwriting
than others. Neuroticism and Conscientiousness
typically achieve higher accuracy rates (88-94%)
compared to Agreeableness and Openness (80- 88%).

Deep Learning vs. Traditional ML: Deep learning
approaches consistently outperform traditional
machine learning methods by 5-10% accuracy,
primarily due to automatic feature learning
capabilities.

Ensemble Methods: Combining predictions from
multiple models through ensemble techniques
improves reliability and achieves state-of-the-art
results (89-94% accuracy).

Research Gaps Identified

Based on the comprehensive literature analysis, the
following research gaps are identified:

Lack of Multi-Modal Integration: Existing systems
primarily focus on single evidence modalities. No
unified platform integrates handwriting,
communication, video, document, and audio analysis.

Limited Forensic-Specific Research: Most studies
focus on general personality prediction rather than
forensic  investigation requirements. Forensic

scenarios present unique challenges including
degraded evidence, partial samples, and adversarial

conditions.

Real-Time Processing: Few systems address real-
time processing requirements essential for operational
forensic environments.

Dataset Scarcity: The absence of large-scale, forensic-
specific datasets limits research progress and cross-
study comparison.

Interpretability:Deep learning models often function
as black boxes, limiting their acceptance in legal
proceedings where explainability is required.

Cross-Cultural Validation: Most studies focus on
specific populations (primarily Western, English-
speaking). Generalizability across cultures and
writing systems remains unvalidated.

PROPOSED MULTI-MODAL
INVESTIGATION SYSTEM

FORENSIC
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Based on the analysis of existing literature and
identified research gaps, this section presents the
design of a comprehensive multi-modal forensic
investigation system that addresses current
limitations.

System Architecture

The proposed
components:

system comprises five primary

Multi-Modal Input Processing: The system accepts
five evidence modalities:

Handwriting samples (JPG, PNG, TIFF)

Digital communications (SMS, WhatsApp, Telegram,
Email)

Video/Image evidence (MP4, AVI, JPG, PNG)
Text documents (PDF, DOC, TXT)
Audio files (MP3, WAYV)

Al Analysis Engine: Specialized modules process
each modality:

Handwriting Module: CNN-based personality and
emotion detection using Big Five framework

Communication Module:NLP and sentiment analysis
for behavioral pattern detection

Scene Module: Object detection and activity
recognition for contextual analysis

Text Module: Pattern analysis and deception marker
detection

Audio Module: Speech-to-text conversion and voice
characteristic analysis

Multi-Modal Fusion Engine: Integrates outputs from
all analysis modules through:

Attention-based weighting of modality

contributions
Consistency checking across modalities
Confidence scoring for reliability assessment

Output Generation: Produces unified analysis reports
including:

()]
&
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Emotional state assessment
confidence, aggression)

(anxiety, stress,

Personality profile (Big Five traits)
Risk assessment (violence risk, deception likelihood)
Behavioral indicators and recommendations

Case Management
platform providing:

System: Secure web-based

Evidence upload and organization

Real-time analysis monitoring

Report generation and export

Audit logging for legal compliance

Technical Implementation

The proposed system utilizes a three-tier architecture:

Frontend (React + TypeScript): Provides responsive
user interface for evidence management and result
visualization.

Backend (Node.js + Express): Handles authentication,
case management, and API routing with JWT-based
security.

Al Engine (Python + FastAPI): Implements deep
learning models using PyTorch/TensorFlow with
GPU acceleration support.

Database (MongoDB Atlas):
evidence metadata, analysis results, and audit logs
with encryption.

Stores case data,

Addressing Research Gaps

The proposed system addresses identified research
gaps through:

Multi-Modal Integration: Unified platform processes
all evidence types through coordinated analysis
modules.

Forensic Focus: System designed specifically for
investigative requirements including evidence chain
custody, audit logging, and legal compliance.

Real-Time Capability: Optimized processing pipeline
enables rapid analysis turnaround.
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Interpretability: Analysis results include confidence
scores and feature importance indicators to support
legal proceedings.

CONCLUSION

This survey paper has presented a comprehensive
review of deep learning-based approaches for forensic
psychological  profiling, with emphasis on
handwriting analysis and multi-modal evidence
integration. The analysis of five significant research
contributions from IEEE, Springer, and Elsevier
(2018-2025) reveals substantial progress in automated
personality trait prediction, with deep learning
methods achieving accuracy rates exceeding 90% for
certain personality dimensions.

Key findings from this survey include:

Deep learning superiority: CNN-based approaches
consistently outperform traditional machine learning
methods  for  handwriting-based  personality
prediction, primarily due to automatic feature learning
capabilities.

Architectural evolution: The field has progressed
from basic CNN architectures to sophisticated
ResNet, DenseNet, and attention-based models, with
transfer learning emerging as a dominant strategy.

Multi-modal potential: Research indicates that multi-
modal approaches integrating evidence from multiple
sources achieve superior performance compared to
unimodal methods.

Research gaps: Significant gaps remain in forensic-
applications, processing
capabilities, and large-scale dataset availability.

specific real-time

The proposed multi-modal forensic investigation
system addresses these limitations by integrating
handwriting, communication, video, document, and
audio analysis through a unified fusion engine. The
system provides forensic investigators with actionable
intelligence ~ while

maintaining  consistency,

reliability, and legal compliance.
Future research directions include:

1. Development of large-scale, forensic-specific

datasets with standardized annotations

()]
&
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2. Exploration of lightweight architectures for
deployment on mobile and edge devices

3. Investigation of explainable Al techniques to
enhance interpretability for legal proceedings

4. Cross-cultural validation studies to ensure system
generalizability

5. Integration of emerging modalities including
biometric signals and behavioral patterns

The continued advancement of deep learning
technologies, combined with increasing availability
of digital evidence in criminal investigations,
positions automated psychological profiling systems
as essential tools for modern forensic practice. The
multi-modal approach presented in this survey
represents a significant step toward comprehensive,
reliable, and efficient forensic investigation systems.
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