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Abstract : Image annotation is a critical process in the preparation of datasets for machine learning and computer vision
applications. This paper provides a comparative analysis of four popular image annotation tools: Labellmg, VGG Annotator,
Label Studio, and Roboflow. Each tool is evaluated based on its features, ease of use, platform support, collaboration capabi lities,
supported data types, integration, customization, and scalability. The goal is to offer insights into the strengths and weaknesses of
each tool to guide researchers and practitioners in selecting the most suitable tool for their specific needs.
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l. INTRODUCTION

In recent years, the field of computer vision has witnessed remarkable advancements, driven primarily by the proliferation of
deep learning techniques. Deep learning, a subset of artificial intelligence (Al), has revolutionized various domains, including
image recognition, natural language processing, and autonomous systems. Within computer vision, one of the most prominent and
impactful applications is object detection, which involves identifying and localizing objects within images or videos. Object
detection has wide-ranging applications across industries, including autonomous vehicles, surveillance systems, medical imaging,
and industrial automation. Despite the effectiveness of deep learning in object detection, the performance of models heavily relies
on the quality and quantity of annotated data used for training. Creating annotated datasets manually can be laborious, time-
consuming, and error-prone, particularly for large-scale projects with diverse object categories. Image annotation tools streamline
the annotation process by providing intuitive interfaces, annotation primitives (e.g., bounding boxes, polygons), collaboration
features, and automation capabilities

At the heart of object detection systems lie annotated datasets, which serve as the foundation for training and evaluating
algorithms. Image annotation, the process of labeling objects of interest within images, is a crucial precursor to building these
datasets. It involves delineating objects using various annotation types such as bounding boxes, polygons, key points, and semantic
segmentation masks. The accuracy and comprehensiveness of annotations directly influence the performance and generalization
capabilities of object detection models. Given the pivotal role of image annotation in the development of object detection systems,
the choice of annotation tool is of paramount importance. Annotation tools vary widely in terms of features, usability, collaboration
capabilities, scalability, and integration options. Understanding the strengths and limitations of different annotation tools is essential
for researchers, data scientists, and engineers involved in computer vision projects.

This paper presents a comprehensive comparative analysis of four prominent image annotation tools: Labellmg, VGG
Annotator, Label Studio, and Roboflow. Through this analysis, we aim to provide insights into the suitability of each tool for
various use cases and project requirements. The evaluation criteria include features offered by each tool, ease of use, platform
compatibility, collaboration capabilities, support for different data types, integration with other tools and frameworks,
customization options, and scalability.
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1. OVERVIEW OF EACH ANNOTATION TOOL

In this section, we provide a detailed overview of each annotation tool considered in our comparative analysis: Labellmg, VGG
Annotator, Label Studio, and Roboflow. Each tool is evaluated based on its features, usability, platform support, collaboration
capabilities, supported data types, integration options, customization features, and scalability. The insights provided aim to offer a
comprehensive understanding of the strengths and limitations of each tool, aiding researchers and practitioners in selecting the most
suitable annotation tool for their specific requirements.

Labellmg Tool-

Labellmg stands out as an open-source desktop tool tailored primarily for fundamental image annotation tasks, prominently
including bounding box and polygon annotations. Its compatibility with a wide range of operating systems, namely Windows,
Linux, and macQS, renders it highly versatile, accommodating users across various platforms. Although Labellmg boasts a user -
friendly interface conducive to beginners, it might be perceived as lacking in advanced features and collaborative functional ities
compared to its counterparts. Nonetheless, its simplicity renders it particularly well-suited for small-scale projects characterized by
uncomplicated annotation requirements. The significance of efficient annotation tools, such as Labellmg, in augmenting the
productivity and precision of annotation tasks is underscored in a related study [2]. This study emphasizes the pivotal role of
streamlined annotation processes in achieving enhanced productivity and accuracy within annotation workflows. Labellmg offers a
pragmatic solution for users embarking on image annotation endeavors, particularly those undertaking smaller-scale projects with
straightforward annotation needs. Its compatibility across multiple operating systems and user-friendly interface makes it an
accessible choice for beginners in the field of image annotation.

VGG Annotator Tool-

VGG Annotator emerges as a noteworthy web-based annotation tool recognized for its intuitive interface and comprehensive
support for image segmentation and bounding box annotations. Its accessibility through a standard web browser simplifies the
annotation process, especially for tasks involving segmentation. However, it's worth noting that VGG Annotator's collaborative
functionalities may be comparatively limited when juxtaposed with more extensive frameworks. Despite this limitation, its
versatility in accommodating various data types and seamless usability positions VGG Annotator as an apt choice for mid-sized
projects characterized by moderate annotation complexity. A related study [6] pertaining to this work accentuates the pivotal role of
user-friendly annotation tools in streamlining the annotation process. It underscores the importance of intuitive interfaces in
expediting annotation workflows, thereby enhancing overall productivity and efficiency. In essence, VGG Annotator offers a user-
friendly solution for annotation tasks, particularly suited for mid-sized projects with moderate annotation complexities. Its support
for multiple data types and ease of use makes it a viable option for annotators seeking efficiency and simplicity in their annotation
workflows.

Label Studio Tool-

Label Studio distinguishes itself as a robust open-source data labeling framework, encompassing a wide array of annotation
capabilities spanning text, audio, and image annotations. Its accessibility via a web-based interface from any device underscores its
versatility and convenience, fostering collaboration among annotators across diverse environments. Notably, Label Studio is adept
at supporting intricate annotation workflows, thanks to its modular and extensible architecture, which permits customization
through extensions and plugins. This adaptability renders Label Studio suitable for a myriad of annotation tasks, catering to the
diverse needs of annotators. A related study [4] pertaining to this work underscores the significance of collaborative annotation
frameworks in the development of high-quality annotated datasets. It emphasizes the pivotal role of tools like Label Studio in
facilitating collaboration among annotators, thereby ensuring the accuracy and comprehensiveness of annotated datasets. Label
Studio emerges as a comprehensive solution for data labeling, offering versatile annotation capabilities and fostering collab oration
among annotators. Its modular architecture and customization options make it well-suited for diverse annotation tasks, contributing
to the development of high-quality annotated datasets.

Roboflow Tool-

Roboflow emerges as a comprehensive cloud-based data preparation platform tailored to streamline the machine learning pipeline
from data annotation to model deployment. Integrating annotation tools, dataset versioning, and model deployment functionalities,
Roboflow offers a cohesive solution for annotating, managing, and deploying machine learning models. Noteworthy are its robust
collaboration features and support for various data types, facilitating seamless collaboration among team members and
accommodating diverse annotation requirements. One of Roboflow key strengths lies in its integration with popular machine
learning frameworks, enhancing workflow efficiency and scalability. By providing compatibility with widely-used ML
frameworks, Roboflow simplifies the process of incorporating annotated data into machine learning workflows, thereby expediting
model development and deployment. A related study [9] associated with this work underscores the pivotal role of scalable data
preparation platforms, such as Roboflow, in accelerating the development and deployment of machine learning models. It
emphasizes the importance of streamlining the data preparation process to enhance overall workflow efficiency and scalability.
Roboflow offers a comprehensive solution for data preparation, annotation, and model deployment, catering to the needs of both
small-scale and large-scale projects. Its robust collaboration features, support for various data types, and integration with popular
ML frameworks position it as a valuable tool in accelerating the development and deployment of machine learning models.

I1l. IMAGE LABELING PROCESS

Image labeling, an essential component of data preparation for machine learning tasks, involves the annotation of objects or
regions of interest within images. This section provides an in-depth exploration of the image labeling process, encompassing
various annotation techniques, tools, and best practices.
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Figure 1: Image Annotation Process [8]

Labellmg Tool- To install Labellmg, you can use pip, assuming Python 3 is already installed on your device. Simply open your
command line interface and run the command pip3 install labellmg. Once installed, you can launch Labellmg by typing labellmg in
your command prompt. Labellmg supports labeling in YOLO text or VOC XML file formats, with the default recommendation
being the VOC XML format due to its association with object detection standards like ImageNet. After installation, you can define
custom classes for your annotation task.
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Figure 2: Labellmg Tool Dashboard

To start using Labellmg, you need to open the directory containing the images you want to label. Then, select the directory
where you want to save the labeled files, ensuring it is different from the image directory to avoid overwriting the original images.
Labellmg provides an interactive window where you can draw bounding boxes or polygons over objects within the images. You
can use the "Create Rectbox" option to draw rectangular boxes around objects or the "Create Polygons" option for objects with
irregular shapes. As you annotate the images, Labellmg automatically generates XML files containing the coordinates of the
bounding boxes or polygons, along with the corresponding class labels. These XML files are saved in the specified directory and
can be used for training machine learning models.[8] You can assign a class label to each annotated object by choosing from the
predefined custom classes you defined earlier. Labellmg allows you to annotate multiple objects within a single image, facili tating
the labeling of complex scenes with multiple objects of interest. Labellmg provides a simple and efficient solution for image
labeling tasks. By following these steps, you can annotate images with precision and accuracy, creating high-quality datasets for
training machine learning models in object detection and related tasks.

VGG Annotation Tool- To install the VGG Image Annotator (VIA), you don't need to perform any installation steps as it's a web-
based tool accessible directly through your browser. Simply navigate to the VIA website to start using it. Once you're on the VIA
portal, you'll find a left-hand sidebar where you can define the project you're working on. This helps you organize your labeling
efforts efficiently. To begin labeling images, you can load your image files into VIA by clicking on "Add Files" on the left-hand
sidebar and selecting the files from your local drive for upload. Your images will then appear in the sidebar for labeling. Labeling
images in VIA is intuitive. You can choose the shape of annotation you'd like to make (e.g., bounding boxes, polygons) from the
options provided in the left-hand sidebar. Simply click and draw your annotation around the object you want to label directly on the
image.
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Figure 3: VGG Annotation Tool Dashboard

Assigning class labels to your annotations is also straightforward. You first need to define a Region Attribute, such as “class-
label”, which represents the class of the annotated object. Then, fill in the assigned class labels for each annotated object
accordingly. Once you've finished labeling your dataset in VIA, you can export it for further use. Simply click on "Annotation" in
the upper left corner and select "Export Annotations as CSV". This action will download a file containing your annotations to your
local file store. If you need to convert your VIA annotations to a different for mat, you can use tools like Roboflow. By signing up
and uploading your dataset, you can easily convert your annotations to any desired format compatible with various machine
learning frameworks. In conclusion, VIA offers a convenient and user-friendly platform for image labeling tasks. By following
these steps, you can efficiently label your images and create high-quality annotated datasets for training machine learning models.

Label Studio Tool- To initiate the labeling workflow with Label Studio, start by installing the application. You can easily install
Label Studio by following the installation instructions provided on their official website or through their documentation. Once the
installation process is complete, proceed to launch Label Studio either by accessing the application directly or through your
preferred web browser. Following installation, create accounts as necessary for Label Studio.[10] This step typically involves
setting up an account to manage and establish labeling projects. You may need to sign up or log in to access the full suite of
features and functionalities offered by Label Studio. With the accounts set up, move on to configuring the labeling project. Define
key parameters such as the project name, description, and labeling instructions. This step is pivotal in structuring your labeling
efforts and providing clear guidance to annotators regarding the task at hand. Customize the labeling interface to suit the specific
requirements of your project. This involves selecting and configuring the types of annotations to be made, such as bounding boxes,
polygons, or text labels. Additionally, tailor the layout preferences and incorporate any necessary tools or features to faci litate
efficient annotation.
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Figure 4: Label Studio Tool Dashboard

Import the data intended for labeling into Label Studio as labeling tasks. This could encompass various data formats, including
images, videos, text documents, or other data types supported by Label Studio. Ensure that the data is appropriately formatted and
organized to streamline the labeling process. Once the data is imported, annotators can commence labeling and annotating the data
according to the instructions provided during project setup.[9] Utilize the labeling interface to generate annotations accurately and
consistently across all tasks, ensuring the integrity and quality of the labeled dataset. Finally, upon completion of the labeling
process, export the labeled data or annotations for further utilization. Label Studio offers various export options, including CSV,
JSON, or XML formats, enabling seamless integration with downstream workflows or machine learning pipelines. By adhering to
these steps, you can effectively manage and execute the labeling workflow using Label Studio, ensuring the precise and efficient
annotation of data essential for machine learning and Al applications.

Roboflow Tool- Start by creating a dataset. Upload your data to your project page on the Roboflow dashboard to begin a new
dataset. This involves organizing and uploading your images or other data files. Next, annotate your images. Use Roboflow's
labeling interface to annotate images by selecting them from the Assign or Dataset pages. Utilize tools like Bounding Box and
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Upload the model weights to Roboflow for further analysis and management. Utilize Roboflow's native model to label your images
automatically, simplifying the labeling process. By following these steps, you can efficiently utilize Roboflow for dataset creation,
annotation, model training, and image labeling.

IV. COMPARATIVE ANALYSIS

Comparative analysis of four popular image annotation tools: Labellmg, VGG Annotator, Label Studio, and Roboflow. Each
tool offers unique features and capabilities, catering to different needs and preferences in the image annotation process.

Labellmg

|Feature

VGG Annotator

Label Studio

Roboflow

Basic
(bounding box,

polygon)

Annotations

Image segmentation,
bounding boxes

Text, audio,
image (various formats)

Image segmentation,
bounding boxes

Platform Windows, Linux,

macOS

Web-based

Web-based

Cloud-based

|Flexibility Limited

Good for segmentation tasks

Versatile for complex tasks

Streamlined ML
pipeline

Simple

IEase of Use

User-friendly

User-friendly

User-friendly

|Co|labo ration

IData Types

i Integration

(OIS elngv£:1iloll Limited options

organization

Not supported Limited Supported with versioning Supported with
versioning
Primarily images Images Text, audio, images Various data types
Limited Limited Popular ML frameworks Popular ML frameworks
Limited Workflow and dataset Workflow,

dataset organization,
model deployment

Scalability Best for small projects

Suitable for mid-sized
projects

Scalable with cloud
infrastructure

Scalable with cloud
infrastructure

V. Conclusion and Future Work

Table 1: Comparison of Annotation tool

In conclusion, after conducting a comparative analysis of popular image annotation tools, it's evident that each tool offers
unique features and capabilities suited for different needs in the annotation process. Among the tools evaluated, Roboflow emerges
as a standout choice due to its comprehensive integration of annotation tools, dataset versioning, and model deployment
functionalities. Roboflow streamlines the entire machine learning pipeline, minimizing manual work and enhancing efficiency. Its
robust collaboration features and support for various data types make it a preferred option for both small-scale and large-scale
projects. Additionally, Roboflow's integration with popular ML frameworks and its scalability with cloud-based infrastructure
position it as a versatile tool for image annotation tasks.

Looking ahead, future work in the field of image annotation tools could focus on further enhancing automation features, such as
leveraging Al for more advanced annotation tasks. Additionally, there is scope for improving collaboration functionalities and
customization options to cater to diverse project requirements. As the field of computer vision continues to evolve, advancements in
image annotation tools will play a crucial role in accelerating the development and deployment of machine learning models. By
staying abreast of emerging technologies and continuously refining annotation processes, researchers and practitioners can unlock
new possibilities in the realm of computer vision.
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