© 2026 IJRTI | Volume 11, Issue 3 March 2026 | ISSN: 2456-3315

Artificial Intelligence Driven Augmented Reality
System for Educational Data Augmentation

1t Jagan KK
Computer Science and Engineering
St. Thomas College of Engineering
and Technology, Mattannur
Kerala, India
jagankk9605@gmail.com

4™ Rhuthoshika K
Computer Science and Engineering
St. Thomas College of Engineering

and Technology, Mattannur
Kerala, India
rhuthoshikak@gmail.com

Abstract—This paper presents an Artificial Intelligence Driven
Augmented Reality System for Data Augmentation designed
to enhance memory and data retrieval by transforming real-
world environments into interactive Memory Palaces. The system
integrates Al-based object detection and AR virtualization to
enable users to anchor and recall information through spatial
interaction. It functions as a cognitive enhancement tool that
merges Artificial Intelligence and Augmented Reality to support
memory recall, learning and spatial awareness.

The proposed system operates in five stages. First, it utilizes
a mobile device’s camera and AR capabilities to detect real-
world objects through Al-based object detection. Second, upon
object identification, the system accesses a cloud database to
retrieve associated digital memories such as text, images or
videos linked to the detected object. Third, the relevant data
are fetched for visualization. Fourth, these digital memories are
spatially visualized in augmented reality around the recognized
object. Finally, this process transforms the user’s environment
into a personalized and interactive “Memory Palace”, facilitating
efficient data recall and immersive learning. The system offers
promising applications in education, healthcare fashion and
advertisement sectors by combining cognition, Al and AR for
enhanced human-computer interaction.

Index Terms—Augmented Reality, Artificial Intelligence, Data
Augmentation, Object Detection, Memory Palace, Spatial Learn-
ing, Cognitive Enhancement, Human computer interaction (HCI)

[. INTRODUCTION

The exponential growth of digital information in today’s
society has made efficient organization, retention and recall
of knowledge increasingly challenging. Conventional learning
methods such as rote memorization, note-taking and flashcards
often fail to form strong cognitive associations, leading to
ineffective information retrieval. As the volume of information
continues to expand, both students and professionals struggle
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to manage and recall relevant data efficiently in their daily
tasks.

The Atrtificial Intelligence—Driven Augmented Reality (Al—
AR) System for Data Augmentation overcomes these
challenges by redefining the learning and memory retention
process. Through the integration of Artificial Intelligence (Al)
and Augmented Reality (AR) technologies [8], the system
converts real-world environments into interactive and person-
alized Memory Palaces. This enables users to spatially anchor,
visualize and retrieve information through intuitive interactions
with their surroundings.

The proposed system presents a contemporary approach to
data augmentation by allowing users to link digital contents
such as notes, images and videos to physical objects and
locations. An Al-powered object detection model recognizes
real-world elements, while the AR interface overlays relevant
digital information directly onto them. This seamless fusion
of the physical and digital domains creates immersive and
intuitive learning experiences that enhance understanding and
support long-term memory recall [1].

Beyond basic information storage and retrieval, the system
functions as a cognitive enhancement tool that transforms
passive learning into an active and immersive process. Users
can create customized “memory zones” where the information
is contextually connected to their environment. This spatially
driven learning approach not only accelerates academic under-
standing, but also enhances professional training, productivity
and industrial applications. Furthermore, this technology can
be extended to domains such as education, retail, and health-
care, where spatial data visualization can significantly improve
engagement and comprehension.

By modernizing the traditional Method of Loci and combin-
ing it with advanced Al and AR technologies [8], the proposed
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system establishes a new paradigm in Human—Computer In-
teraction (HCI). Spatial awareness becomes a core element
of the learning process, allowing users to engage with digital
information within meaningful real-world contexts. This rep-
resents a transition from linear, text-based learning towards a
holistic, cognitively inspired model of knowledge acquisition
that improves comprehension, recall and user engagement.

The rest of this paper is organized as follows: Section Il
discusses related work in Al-assisted memory systems and
AR-based learning environments. Section Il describes the
system overview, including the Al detection module, cloud
database integration and AR visualization process. Section
IV presents the algorithms employed in the proposed sys-
tem. Section V discusses the system evaluation methodology.
Section VI presents the performance evaluation of the pro-
posed system. Section VII discusses the experimental results
and analysis. Section VIII highlights the limitations of the
proposed approach. Section X outlines potential directions
for future research. Section X concludes the paper with key
findings and contributions, followed by references.

Il. RELATED WORK

Many researchers contributed to this area with their ap-
proaches. The authors proposed several methods to enhance
human cognitive abilities using augmented reality and artifi-
cial intelligence. In some studies, systems such as ARGUS
and TARES were developed to support memory augmenta-
tion by overlaying contextual information in real-time. These
systems often rely on advanced AR frameworks and Al-
driven perception models to function effectively. In certain
approaches, researchers required external hardware such as
wearable headsets, sensors or specialized AR devices to enable
the memory augmentation system to operate seamlessly in
dynamic environments.

A. Augmented Reality-Based Human Memory Enhancement
Using Artificial Intelligence

Zhanat Mahataeva et al. [1] introduced an augmented re-
ality (AR)—driven human memory augmentation system that
enhances object-location memory by replacing a user’s in-
ternal mental representation with an Al-generated external
augmented view. The system employs an AR headset and a
computing station, where the headset captures first-person in-
door visual data and displays virtual 3D object cues, while the
computing station performs self-localization, object detection
and object-to-location binding using advanced computer vision
algorithms.

In a behavioral pilot study involving 26 participants, the
authors evaluated memory performance under two conditions,
with and without AR assistance. Findings revealed that the
AR-based augmentation significantly reduced cognitive load,
improved spatial recall accuracy and enhanced usability during
object-location memory tasks. Despite its promising benefits,
the system requires precise environment sensing and stable AR
tracking, which may limit performance in complex or cluttered
spaces. Overall, the work demonstrates strong potential for

applications in spatial cognition, navigation assistance and
cognitive support systems, highlighting the effectiveness of
integrating AR, CV and Al for human memory enhancement.

B. ARGUS: Visualization of Al-Assisted Task Guidance in
Augmented Reality

Sonia Castelo et al. [2] introduced ARGUS, a compre-
hensive visual analytics system designed to support the de-
velopment, debugging and evaluation of intelligent AR task-
assistance systems. Integrating multimodal sensing with ma-

chine learning outputs, ARGUS enables real-time and offline
visualization of object detection, action recognition, performer
gaze and step progression during task execution. By leveraging
data from AR headsets such as video, depth, audio and eye-
tracking streams, the system provides developers with rich
insights into both performer behavior and model performance.
A key advantage of ARGUS lies in its dual-mode oper-
ation: live monitoring for real-time debugging and post-task
analysis for detailed spatiotemporal inspection. Novel visual
representations including gaze heatmaps, temporal detection
timelines and synchronized first-person model outputs allow
developers to identify system failures, refine ML models
and understand performer environment interactions. While the
system enhances transparency and interpretability, it requires
extensive sensor integration and high computational resources,
which together pose notable challenges for large-scale or real-
time deployment across diverse environments. In addition, the
need for precise calibration and continuous data processing
increases the overall system’s complexity. Despite these lim-
itations, ARGUS represents a significant advancement in AR
task-guidance research by enabling more reliable, explainable,
and user-aware Al-assisted AR systems that improve user
interaction, situational awareness and task performance.

C. TARES: A Game-Based Tangible AR English Spelling
Mastery System With Minimal Cognitive Load

Catherine Akoth Ongoro et al. [3] proposed TARES, a
screenless game-based augmented reality (AR) spelling learn-
ing system designed for preschoolers aged 4-6. The system
integrates augmented reality, tangible user interfaces (TUISs)
and serious game-based learning to reduce digital screen
exposure while improving spelling accuracy, engagement and
social interaction. Using Unity 3D and Vuforia, TARES links
virtual AR content with physical letter blocks and real-world
objects, enabling children to learn spelling through hands-on,
collaborative play instead of handheld digital devices.

A key strength of TARES is its low cognitive load design,
achieved by age-appropriate content, tangible interactions and
staged difficulty levels (three-, four- and five-letter words).
The system supports cooperative learning, provides instant
audio—visual feedback and minimizes eye strain or overstim-
ulation associated with screen-based learning. By keeping the
display fixed at a distance and using tangible elements as
the main interface, TARES offers an accessible and cost-
effective solution for spelling acquisition. Overall, the study
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demonstrates that combining AR, TUIs and game-based learn-
ing enhances early language development while addressing
concerns about screen exposure and digital overload in young
learners.

I1l. SYSTEM OVERVIEW

The proposed AR-based learning and visualization system
enables users to scan real-world objects and instantly access
context-aware 3D educational content. By leveraging a YOLO-
based object detection model trained on task-specific image
datasets, the system can reliably identify objects present in
the user’s surroundings. Once an object is detected, the user’s
GPS coordinates are retrieved and utilized to locate and
fetch the corresponding 3D model and associated learning
materials stored in the cloud. On the server side, uploaded
documents are processed through text extraction and Al-driven
summarization pipelines to generate concise visual flashcards,
which are then mapped onto a 3D model and exported as .glb
files. These enriched interactive models are stored in Firebase
and seamlessly rendered within the user’s augmented reality
view, allowing convenient downloading and smooth real-time
learning interactions that enhances engagement and supports
more effective data augmentation and model refinement.

A. System Architecture

The overall workflow of the system is illustrated in Fig. 1.
The system consists of three main stages:

- The user scans an object and the YOLO-based object
detection module identifies it using the trained model
created from the object-specific dataset prepared through
the model-training program.

- The system extracts the user’s current GPS coordinates
and retrieves the corresponding model data from the cloud
server. The model is then augmented and displayed in the
AR environment.

- On the server side, the admin uploads files, from which
text is extracted and summarized using Al models. A vi-
sual flashcard image is generated, applied to a 3D model,
exported as a .glb file and uploaded to Firebase. The user
can then download the final AR-enhanced model.

Fig. 1. Architecture Diagram

B. Visual Perception & Spatial Computing

The system uses the mobile device’s camera for real-time
object capture and recognition, supported by smartphones
with built-in AR support. The list of compatible devices is
available at: https://developers.google.com/ar/devices. Cross-
platform AR functionality is achieved through the integration
of ARCore and ARKIit, ensuring device-independent aug-
mented reality support. Real-time camera frame processing
enables Al-based object detection and content triggering. Plane
detection and raycasting are used to map 2D camera detections
to precise 3D world coordinates, ensuring realistic placement
of virtual objects, while AR anchoring enables stable and
persistent placement of the virtual content.

C. Board identification and Feature Extraction

The board is detected using a TensorFlow Lite object detec-
tion model, where camera frames are resized to 640 x 640 and
processed by the Interpreter for inference. The board center
coordinates (cx, ¢y) are extracted from the model output,
and the detection with the highest confidence score (> 0.4)
is selected from 8400 anchors. The normalized coordinates
are mapped to screen space and used for AR raycasting to
accurately anchor digital content onto the real-world board
surface.

Availabl

ma@fmaovow

Fig. 2. Board scanning

D. Content Summarization and 3D Card Generation

After board detection, the system associates the identified
object with pre-linked digital content stored in the cloud,
including 3D models, images or multimedia representations.
Content summarization is performed by selecting only the
most relevant visual memory in the form of a GLB asset,
thereby reducing information overload in the AR view. The
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summarized content is dynamically fetched using a cloud-
based URL, ensuring lightweight data transfer and real-time
access. The GLB model is instantiated as a Unity GameObject
and scaled appropriately for comfortable AR viewing.The
generated 3D card is spatially oriented toward the user through
camera-facing rotation, enabling clear visualization and intu-
itive interaction within the AR memory environment.

Fig. 3. Summarization & 3D Card Generation

E. 3D Card Augmentation on Detected Object

After detecting the object, the system uses its screen-space
coordinates to perform AR raycasting, converting the 2D
detection into an accurate 3D world position. The 3D card
is then anchored onto the detected real-world surface using
an ARAnchor, ensuring stable and persistent alignment with
the object. A cloud-based GLB asset representing the digital
memory is dynamically downloaded and instantiated as a
Unity GameObject. To enhance visibility and depth perception,
the 3D card is scaled appropriately and positioned with a slight
pop-out effect from the surface. Finally, the card is oriented
toward the AR camera, enabling clear, intuitive and context-
aware visualization directly on the detected object.

Fig. 4. AR Overlay

F. Module Detection and PDF Retrieval

Once the module is processed, the system verifies its cor-
rectness using predefined validation criteria to ensure accurate

detection. Upon successful validation, the interface enables a
download button, allowing the user to proceed further. The
user can download the original document which is summa-
rized.

® chrome-native://pdf/link?uri=co & A

File downloaded

Download file again?

MODULE 1

Fig. 5. PDF Retrieval

IV. ALGORITHMS

At the core of the project are two main algorithms: ab-
stractive text summarization using BART and UV mapping.
The BART (Bidirectional and Auto-Regressive Transformer)
model is responsible for generating human-like summaries by
understanding the meaning of the entire document rather than
simply extracting key sentences. UV mapping, a fundamental
computer graphics technique is used to correctly project the
2D summary image onto the surface of a 3D card by defining
precise U and V texture coordinates, ensuring the text appears
without distortion.

The web application is built using Flask, which manages
routing, user sessions, file uploads and page rendering. For
document processing, PyMuPDF (fitz) is used to extract text
from uploaded PDF files, while textwrap formats the summa-
rized text so it fits neatly within the texture image.

The Al functionality is implemented using the transformers
library from Hugging Face, which runs the BART model to
generate concise summaries. Pillow (PIL) is then used to
create a PNG image and draw the summary text onto it. For
3D generation, trimesh is used to create the card geometry,
compute UV coordinates, apply the texture and export the
final model as a GLB file. NumPy supports this process
by handling numerical data such as vertices and UV arrays,
helping maintain proper texture alignment.
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V. SYSTEM EVALUATION

The system evaluation was carried out using a confusion
matrix to analyze the performance of the Al-based object
detection model in accurately identifying different classes,
namely blackboard, board and background. From the matrix,
the system correctly classifies the blackboard class in 31
instances, indicating strong detection capability for the primary
target object used in the AR Memory Palace workflow. How-
ever, 13 instances of background are misclassified as black-
board, highlighting the influence of visual similarity, lighting
variations and environmental noise on detection accuracy. The
board class shows 6 correct predictions, but its lower count
suggests limited training samples or overlap in visual features
with other classes. Additionally, 5 blackboard samples are
misclassified as background, which can be attributed to poor
lighting, occlusion or improper camera positioning during data
capture.

blackboard e 3

board

Predicted

background s s

blackboard
board -
background

Fig. 6. Confusion Matrix Analysis

Overall, the confusion matrix demonstrates that while the
system performs reliably for board detection, the core require-
ment of the project is that there is scope for improvement
through dataset expansion, better class balance and enhanced
feature extraction to reduce misclassifications and improve
robustness in real-world AR environments.

V1. PERFORMANCE EVALUATION

As summarized in Table 7, the optimized TFLite + AR
Foundation approach demonstrates clear performance advan-
tages over the standard ONNX + Vuforia pipeline. The pro-
posed system achieves higher inference speed (¢30 FPS) com-
pared to the moderate frame rates of the standard approach,
enabling stable and responsive AR rendering. Unlike Vuforia’s
static marker-based detection, which relies on predefined im-
age targets, the proposed method employs dynamic generic
object detection, allowing robust recognition of real-world
objects such as blackboards despite changing visual content.
Hardware utilization is further optimized through TensorFlow
Lite with NNAPI/GPU delegates, enabling inference on native

mobile Al accelerators and reducing latency. Model size
is significantly reduced using INT8 quantization, resulting
in a 60-70% decrease in storage requirements. In addition,
native ARCore/ARKit tracking ensures accurate environmental
anchoring, while optimized ARM processing minimizes CPU
load, leading to lower battery consumption and improved
thermal efficiency during prolonged AR sessions.

OPTIMIZED PROJECT
APPROACH (TFLITE + AR
FOUNDATION)

Inference Speed

STANDARD APPROACH
PERFORMANCE METRIC IPROVEMENT
- N
Moderat 20 F i j moti

Detection Logic

Hardware Usage

Tracking Tech Proprietary Vision Eng

Battery Impact
F

Fig. 7. Performance Metrics

VII. RESULT & DISCUSSION

The trained model successfully enables accurate detection
of real-world objects and seamless visualization of associated
digital memories. By utilizing the mobile device’s AR-enabled
camera and AR Foundation framework, the system captures
real-time scenes and processes them using a TensorFlow Lite—
based object detection model. The model extracts spatial
features from camera frames and identifies the target object
with high confidence, enabling precise localization within the
physical environment.

Upon successful object identification, the system dynami-

cally retrieves linked digital content from a cloud database in
the form of lightweight GLB assets. Only the most relevant
visual memory is selected, achieving effective content summa-
rization and preventing information overload. The retrieved
content is then instantiated as a 3D card and spatially aug-

mented in the real world using AR raycasting and anchoring,
ensuring stable placement and proper orientation toward the
user. This approach provides an intuitive and immersive visu-
alization experience tightly coupled with the detected object.

Experimental observations indicate that the system performs
reliably in most indoor environments, delivering stable anchor-
ing and responsive visualization. However, occasional inaccu-

racies may occur due to lighting variations, camera exposure
instability, occlusions and improper device positioning, affect-
ing detection consistency and spatial alignment. Improving
dataset diversity and enhancing feature extraction are expected
to further increase robustness and detection accuracy, while
adaptive pre-processing and model optimization can improve
performance under challenging real-world conditions.

These results validate the feasibility of integrating Al-
based object detection with augmented reality to construct
a personalized and interactive Memory Palace. The system
demonstrates strong potential for applications in education,
healthcare, fashion and advertising. Future work will focus
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on expanding the object dataset, supporting multiple memory
types, optimizing model performance and enabling persistent
multi-object memory anchoring for enhanced real-world us-
ability.

The video demonstration is available at the following URL:
https://youtube.com/shorts/n2zsFzoS54?si=YY Jd9a8hjsiPG1Q

VIIl. LIMITATION

The proposed system has certain limitations despite its
effective integration of Al and AR technologies. Lighting
issues such as low illumination, shadows, and glare can
negatively affect object detection accuracy. Camera exposure
instability during sudden brightness changes may lead to
inconsistent frame quality. Such instability impacts reliable
feature extraction and confidence of object detection. Correct
device positioning is essential for accurate detection and stable
AR anchoring. Improper angles or excessive device movement
can result in missed detections. Additionally, files containing
images are not properly summarized by the system. This
leads to incomplete or less meaningful content extraction from
visual-rich documents.

IX. FUTURE SCOPE

The future scope of the Artificial Intelligence Driven Aug-
mented Reality System for Data Augmentation extends be-
yond its current prototype, aiming to evolve into a more
intelligent, portable and universally accessible cognitive en-
hancement tool. While the present system has successfully
demonstrated its capability to merge Artificial Intelligence
(Al) and Augmented Reality (AR) for spatial learning and
memory augmentation, future developments will focus on
scalability, adaptability and seamless integration into everyday
environments.

In professional education and training, this advancement can
support context-aware learning, improving knowledge reten-
tion and real-world skill application. In the healthcare domain,
the system could be expanded to assist medical professionals
by providing real-time augmented overlays during surgical
procedures or anatomy training sessions. This would enhance
precision, improve visualization of complex structures and
facilitate better patient education through interactive medical
demonstrations.

In corporate and business settings, the technology could
allow users to anchor digital information such as meeting
notes, project updates or reminders to physical spaces. Pro-
fessionals could view relevant data by simply focusing their
device on a workspace or meeting table, promoting efficiency
and contextual awareness. Similarly, in the retail industry,
this system could revolutionize the shopping experience by
enabling customers to visualize products within their own
physical environments before purchasing. In the future, the
system can use AR integrated with Al to scan soil charac-
teristics and provide real-time crop recommendations, visual
guidance and interactive insights directly over the farmland to
support precision agriculture and sustainable farming.

Future research will also explore integration with wearable
devices and cloud-based cognitive models to improve mobility,
reduce latency and enhance real-time processing. By lever-
aging continual advancements in machine learning, spatial
computing and AR rendering, the system holds the potential to
become a mainstream solution for education, healthcare, busi-
ness intelligence and human-computer interaction, ultimately
redefining how humans perceive, organize and recall digital
information in the physical world.

X. CONCLUSION

The Atrtificial Intelligence—driven Augmented Reality (Al—
AR) system for data augmentation successfully demon- strates
the potential of integrating Atrtificial Intelligence (Al) and
Augmented Reality (AR) to create a next-generation cognitive
augmentation tool. By enabling users to anchor, visualize and
retrieve digital information within their physical surroundings,
the system redefines conventional approaches to learning,
memory recall and data interaction. Through seamless AI-AR
integration, it delivers an intuitive, immersive and context-
aware interface that effectively bridges the gap between the
physical and digital worlds.

The system highlights the synergistic relationship between
Al’s analytical intelligence and AR’s immersive visualiza-
tion capabilities. Al facilitates accurate object recognition,
contextual understanding and intelligent data mapping, while
AR translates this processed information into engaging and
interactive three-dimensional visual experiences. Together,
these technologies transform traditional data retrieval mech-
anisms into an interactive and cognitively enriching pro-
cess, thereby enhancing memory retention, comprehension and
overall learning efficiency.

A key achievement of the system lies in its ability to
reduce cognitive load by externalizing information into spa-
tially anchored AR environments. This approach allows users
to offload mental effort, improve focus and engage more
effectively in higher order reasoning and problem solving
tasks. User evaluations indicate that the system enables more
accurate object recognition and reliable AR-based visualiza-
tion, resulting in improved recall accuracy, faster contextual
information retrieval and higher user engagement.

In conclusion, the proposed AI-AR Memory Palace sys-
tem represents a significant advancement in human—computer
interaction and cognitive augmentation technologies. By com-
bining intelligent data processing with immersive visualiza-
tion, it provides a robust platform for enhanced memory
support, educational enrichment and professional learning
applications. Future developments will focus on improving
real-time responsiveness, system scalability and cross-domain
adaptability, paving the way for smarter, more interactive and
human centered AR learning ecosystems.

Additionally, the system holds strong potential for personal- ized
learning by adapting content based on user behavior and
cognitive patterns. Its modular design allows seamless integra-
tion across diverse domains such as education, healthcare and
skill training. With continued advancements, AI-AR systems
like this can fundamentally reshape how humans interact with
information in real-world environments.
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