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Abstract: Object detection, a fundamental task in
computer vision, has witnessed significant advancements
in recent years. This research presents a comprehensive
study that explores the integration of Faster R-CNN
(Region Convolutional Neural Network), a state-of-the-
art object detection model trained on the COCO
(Common Objects in Context dataset), with Streamlit, an
interactive web application framework. The goal is to
create an intuitive and user-friendly dashboard that
facilitates real-time object detection and visualization.
The proposed approach combines the power of Faster R-
CNN's accurate object localization with Streamlit's
simplicity in creating interactive interfaces.

To evaluate the effectiveness of the approach, a series of
experiments were conducted using various images
containing diverse objects. The results showcase the
successful integration of Faster R-CNN with Streamlit.
By combining the strengths of Faster R-CNN, the COCO
dataset, and Streamlit, the research presents a novel
approach that holds promise in various domains,
including surveillance, retail, and automation.

Keywords: Object detection, Computer vision, Faster R-
CNN, Streamlit, COCO dataset, Image preprocessing

[.LINTRODUCTION

In the realm of computer vision, the task of object
detection has garnered substantial attention due to its
applicability in diverse domains, ranging from
autonomous driving to surveillance systems. As
technological advancements propel the field forward,
combining cutting-edge object detection models with
user-friendly interfaces becomes increasingly crucial.
This research delves into the integration of Faster R-
CNN, a state-of-the-art object detection model trained
on the COCO dataset, with Streamlit, an interactive
web application framework. The objective is to
develop an accessible and intuitive platform that

enables real-time object detection and visualization for
users with varying levels of technical expertise.
Object detection, a fundamental computer vision task,
involves localizing and classifying objects within
images. Faster R-CNN (Region Convolutional Neural
Network) has emerged as a prominent architecture for
object detection, seamlessly integrating region
proposal networks with deep convolutional networks.
The COCO (Common Objects in Context) dataset,
known for its extensive variety of object classes and
complex scenes, provides a robust foundation for
training models like Faster R-CNN.
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Fig 1: R-CNN Framework

Streamlit, on the other hand, empowers data scientists
and developers to rapidly create interactive
applications for data analysis and visualization. Its
simplicity in transforming data scripts into shareable
web applications makes it an ideal framework for
bridging the gap between advanced object detection
models and end-users. This research capitalizes on
Streamlit's capabilities to construct a user-friendly
dashboard that not only showcases the power of Faster
R-CNN but also enables users to experience its
capabilities firsthand.
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The integration process involves the seamless
collaboration of Faster R-CNN's intricate architecture
and the streamlined interface of Streamlit. This
includes loading the pre-trained model with COCO
weights, preprocessing input images, performing
object detection, and generating visual outputs with
annotated bounding boxes. Additionally, the research
presents the development of an interactive dashboard
that empowers users to upload images, receive
immediate object detection results, and gain insights
into the model's predictions.
In the subsequent sections, this paper provides an in-
depth exploration of Faster R-CNN's architecture, the
significance of the COCO dataset, and Streamlit's
unique features. The research methodology outlines
the integration steps, followed by a presentation of
experimental results and performance evaluations.
Finally, the paper concludes with the implications of
the research, highlighting its contributions to the field
of computer vision, user interface design, and real-
world applications.
By amalgamating the prowess of Faster R-CNN, the
richness of the COCO dataset, and the accessibility of
Streamlit, this research introduces a novel approach
that holds potential to revolutionize how users interact
with and leverage advanced object detection
technology.

II. LITERATURE REVIEW

This section reviews existing research that lays the
groundwork for our study, emphasizing the
significance of bridging the gap between intricate
models and accessible interfaces.

Numerous object detection architectures have been
developed to enhance accuracy and efficiency. Among
these, Faster R-CNN has gained prominence for its
ability to seamlessly combine region proposal
networks with deep convolutional networks. Ren et al.
(2015) introduced Faster R-CNN, demonstrating its
effectiveness in accurate object localization. Despite
its capabilities, the challenge remains in making the
output of such architectures understandable to non-
expert users.

The field of human-computer interaction has long
recognized the importance of user-friendly interfaces.
Norman (1988) coined the term "user experience" and
emphasized the significance of designing products that
align with users' mental models. The concept of
"affordances" introduced by Gibson (1979) sheds light

on the intuitive understanding of an object's functions
by its appearance. These principles underline the
necessity of an interface that allows users to interact
seamlessly with complex technology.

Interactive data visualization frameworks, like
Streamlit, have garnered attention for simplifying
complex data analysis. Heer and Shneiderman (2012)
highlighted the power of interactive visualizations in
enabling users to explore data and gain insights. Their
work underscores the importance of balancing
complexity with user engagement, a principle central
to our integration approach.

Huang et al. (2016) introduced interpretability in deep
learning. They proposed methods to visualize and
explain model predictions, contributing to the
understanding  of  decision-making  processes.
However, little research has delved into integrating
such explanations within an interactive dashboard.
While existing research touches on object detection
models, usability principles, and interactive
visualizations, there remains a dearth of studies that
integrate advanced models with accessible interfaces.
This research aims to fill this gap by presenting an
integrated solution that enables users to experience
and understand the capabilities of Faster R-CNN
through a user-friendly Streamlit dashboard

In the context of object detection, the integration of
Faster R-CNN and Streamlit extends the concept of
interpretability and usability, creating a unique
platform for users to interact with and comprehend
state-of-the-art object detection technology. The
following sections will detail the methodology and
implementation, providing insights into how this
integration can be achieved and its implications for
real-world applications.

III. METHODOLOGY

The methodology section outlines the strategies
employed to integrate Faster R-CNN with Streamlit,
evaluate the effectiveness of the integrated dashboard,
and conduct a comprehensive analysis of the results.
Data Collection:

* Integration Process: The technical integration
process involves loading the pre-trained Faster R-
CNN model with COCO weights, applying
appropriate preprocessing steps to input images,
conducting object detection, and generating images
with annotated bounding boxes. This phase gathers
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technical data regarding code implementation, model
weights, and preprocessing techniques.

» User Interaction and Experience: A user study is
conducted to assess the effectiveness of the integrated
dashboard. Participants are given access to the
dashboard and are instructed to upload images of their
choice. Their interactions, feedback, and the time
spent using the dashboard are recorded. A brief survey
is administered post-interaction to gather qualitative
insights about their experience.

Data Analysis:

. Integration ~ Evaluation: The  technical
implementation is evaluated through quantitative
metrics, including model inference time, accuracy in
object detection, and successful visualization of
annotated bounding boxes. Comparative analysis is
performed by applying the integrated model to a set of
diverse test images and comparing results with ground
truth annotations.

» User Experience Analysis: The qualitative data from
the user study, including feedback and survey
responses, are analyzed thematically to uncover
patterns and insights regarding user interaction,
comprehension of predictions, and overall satisfaction
with the dashboard. Common themes related to
usability, interface design, and interpretability are

identified.

Limitations:

The research acknowledges several limitations,
including potential biases in the user study sample,
limited scope of the dashboard's features, and inherent
challenges in making complex models -easily
understandable. These limitations are addressed
transparently to ensure the accurate interpretation of
the results.

IV. RESULTS AND DISCUSSION

This section presents the findings of the research,
detailing the outcomes of both the technical
integration process and the user experience evaluation.
Technical Integration Results:

* Inference Time: The integration of Faster R-CNN
with Streamlit demonstrates an average inference time
of 0.45 seconds per image. This demonstrates the real-
time nature of the dashboard's object detection
capabilities.

* Accuracy in Object Detection: The integrated model
successfully identifies and localizes objects in diverse
test images with an average accuracy of 92.5%. The
COCO-trained model's ability to detect various object
classes contributes to its robust performance.

Average Precision (AP):

AP % AP at IoU=.5@:.85:.95 (primary challenge metric)
aplol=.58 % AP at IoU=.5@ (PASCAL VOC metric)
AploU=.75 % AP at IoU=.75 (strict metric)
AP Across Scales:
Apsmall % AP for small objects: area ¢ 327
ppredivn % AP for medium objects: 322 < area < 967
Aplarge % AP for large objects: area > 967
Average Recall (AR):
ARmax=1 % AR given 1 detection per image
ARmax=18 % AR given 18 detections per image

ARG 18d % AR given 168 detections per image

AR Across Scales:

ARemell % AR for small objects: area < 327
AR % AR for medium objects: 32% ¢ area ¢ 96°
ARlarse % AR for large objects: area > 96°

Fig 2: Accuracy of COCO data set
* Visualization of Annotated Bounding Boxes: The
dashboard generates images with annotated bounding
boxes, accurately indicating the detected objects. The
visualization process maintains the real-time
interaction expected by users.

Fig 3: Visualization of Annotated Bounding Boxes

Visual Representation of Data

Upload image Hers:

Fig 4: Streamlit Dashboard
The discussion section critically analyzes the results of
the research, interpreting them within the context of

the research objectives. It also compares the findings
with existing literature, explores their implications,
and addresses the study's limitations and potential
sources of error.
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Integration and Technical Feasibility:

The successful integration of Faster R-CNN with
Streamlit demonstrates the technical feasibility of
creating an interactive dashboard for real-time object
detection. The low average inference time of 0.45
seconds aligns with real-time requirements for
practical applications. This finding corroborates
existing research that emphasizes Faster R-CNN's
efficient object detection capabilities (Ren et al.,
2015).

User Experience and Comprehension:

The positive user experience and high comprehension
rates of the integrated dashboard validate the
approach's efficacy in making complex object
detection technology accessible to non-expert users.
The intuitive interface design and color-coded
bounding boxes contribute to users' ability to
accurately interpret the model's predictions. This
aligns with principles from usability and interaction
design literature, showcasing the effectiveness of
combining advanced models with user-friendly
interfaces (Norman, 1988; Gibson, 1979).

Comparison with Existing Literature:

The integration of interpretability in deep learning
models (Huang et al., 2016) finds resonance in this
research's success in enabling users to comprehend
object detection outputs. The dashboard's usability
principles also align with the principles of interactive
data visualization (Heer and Shneiderman, 2012),
emphasizing the value of creating interfaces that allow
users to explore data effortlessly.

Implications and Applications:

The successful integration of Faster R-CNN and
Streamlit opens avenues for numerous applications,
from security and surveillance systems to retail and
automation industries. The user-friendly interface
paves the way for wider adoption of advanced object
detection  technologies, contributing to the
democratization of computer vision.

Limitations and Sources of Error:

The study's limitations include a relatively small
sample size in the user study, potentially introducing
sampling biases. Moreover, the dashboard's current
scope focuses on object detection, leaving room for
further enhancements and features. It's important to

acknowledge that the dashboard's success in
comprehension may vary based on user familiarity
with object detection concepts.

V. CONCLUSION

In conclusion, this research successfully demonstrated
the integration of Faster R-CNN, a state-of-the-art
object detection model trained on the COCO dataset,
with Streamlit, an interactive web application
framework. The resulting dashboard provides users
with real-time object detection capabilities while
maintaining an intuitive and user-friendly interface.
The research addressed the challenge of making
complex object detection models accessible to non-
expert users, aligning with principles from the fields
of computer vision and human-computer interaction.

Key Findings:

The key findings of this research include:

- The technical integration of Faster R-CNN with
Streamlit, yielding real-time object detection with an
average inference time of 0.45 seconds per image.

- Accurate object localization and identification, with
an average accuracy of 92.5% across diverse test
images.

- User-friendly visualization of object detection results
using annotated bounding boxes and color-coded
labels.

- Positive user experiences, high comprehension rates,
and appreciation for the user interface's simplicity.

Significance and Implications:

The significance of this research lies in its contribution
to democratizing object detection technology. By
creating an interactive dashboard that bridges the gap
between complex models and accessible interfaces,
this research enables users to harness the power of
advanced computer vision without requiring deep
technical expertise. The implications span various
industries, including surveillance, retail, and
automation, where real-time object detection plays a
vital role.

Future Research Directions:
Future research directions could explore several
avenues:
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- Further enhancing the dashboard's interpretability by
incorporating  visual explanations for model
predictions.

- Expanding the dashboard's capabilities to encompass
more intricate computer vision tasks, catering to
diverse user needs.

- Conducting larger-scale user studies to validate the
dashboard's effectiveness across different user profiles
and domains.

In conclusion, the successful integration of Faster R-
CNN with Streamlit not only addresses the research
problem of making advanced object detection models
accessible but also sets a precedent for creating user-
friendly interfaces for complex technologies. This
research represents a stepping stone toward a future
where cutting-edge computer vision technologies are
readily available and understandable to all users.
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