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Abstract :  Image classification and segmentation are two fundamental tasks in computer vision with a wide 

range of applications. Deep learning has revolutionized these tasks, achieving state-of-the-art results on 

many challenging benchmarks. This paper presents a patent analysis of recent advances in image 

classification and segmentation using deep learning. We analyse several patents from leading companies 

and academic institutions to identify key trends and innovations in this field. Our analysis shows that deep 

learning architectures such as convolutional neural networks (CNNs) and attention mechanisms are widely 

used in these patents. We also identify the development of new deep learning architectures specifically 

tailored for image classification and segmentation tasks as a key trend. The patented technologies have the 

potential to revolutionize the way that images are classified and segmented. 

IndexTerms - image classification, image segmentation, deep learning, patent analysis, attention 

mechanisms, spatial transformers, multi-scale feature fusion, multi-stage cascaded learning. 

I. INTRODUCTION 

Image classification and segmentation are two fundamental tasks in computer vision, with a wide range of 

applications in fields such as medical imaging, self-driving cars, and robotics. Deep learning has 

revolutionized these tasks in recent years, achieving state-of-the-art results on many challenging 

benchmarks. 

In this paper, we present a patent analysis of recent advances in image classification and segmentation using 

deep learning. We analyse several patents from leading companies and academic institutions, and identify 

the key trends and innovations in this field. 
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Our analysis shows that deep learning architectures such as convolutional neural networks (CNNs), 

recurrent neural networks (RNNs), and long short-term memory (LSTM) networks are widely used in image 

classification and segmentation patents. Attention mechanisms, spatial transformers, and multi-scale feature 

fusion techniques are also becoming increasingly popular in these patents. 

In addition, we identify the following key trends in image classification and segmentation patents: 

 The development of new deep learning architectures that are specifically tailored for image 

classification and segmentation tasks. 

 The use of attention mechanisms to improve the performance of deep learning models on complex 

images. 

 The use of spatial transformers to make deep learning models more robust to image distortions and 

misalignments. 

 The use of multi-scale feature fusion to help deep learning models learn more discriminative 

features. 

 The development of multi-stage cascaded learning techniques to improve the performance of deep 

learning models on challenging tasks. 

The patented technologies have the potential to revolutionize the way that images are classified and 

segmented. Deep learning-based image classification and segmentation models are already being used in a 

variety of applications, and we expect to see even more 

II. LITERATURE REVIEW  

In [12] , a system and method for classifying images using deep learning has been described . The system 

includes a deep learning model that is trained on a dataset of labelled images. The deep learning model is 

used to extract features from the images, which are then used to classify the images using a machine 

learning algorithm. The patent also describes a number of techniques that can be used to improve the 

performance of the system, such as: Using a variety of deep learning architectures, such as convolutional 

neural networks (CNNs), recurrent neural networks (RNNs), and long short-term memory (LSTM) 

networks.  

[13] Describes a system and method for segmenting images using deep learning. The system is able to 

segment images with high accuracy, even for complex or challenging images. The patent also describes a 

number of techniques that can be used to improve the performance of the system. 

In  the system and method described in the patent use a deep learning model to detect objects in images[14], 

The deep learning model is trained on a dataset of labelled images, where each image is labelled with the 
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bounding boxes of all objects of interest. Once the model is trained, it can be used to detect objects in new 

images by predicting the bounding boxes of all objects of interest in the image. 

In [16] , the patent presents a system and method that integrates deep learning with a spatial transformer, 

aiming to improve the accuracy and precision of image segmentation tasks, potentially enhancing 

applications in various fields, including computer vision, medical imaging, and object recognition. 

In [17], this patent introduces a system and method that harnesses deep learning in conjunction with a multi-

scale feature fusion technique to enhance image classification tasks. The incorporation of multi-scale 

features aims to boost the accuracy and effectiveness of image classification models, potentially benefiting 

various fields such as computer vision, object recognition, and pattern analysis.  

The patent [18] described the multi-stage cascaded learning strategy is employed to improve the image 

segmentation process. The multi-stage approach involves a sequence of learning stages, where the model 

gradually refines its segmentation performance through consecutive stages. Each stage focuses on refining 

the segmentation accuracy by feeding the results of one stage into the next, thereby achieving a more 

accurate and detailed segmentation. 

III. COMPARISON AND ANALYSIS PATENTS. 

 Analysis of the different deep learning architectures used in the patents 

The most common deep learning architectures used in the patents are convolutional neural networks 

(CNNs) [1]. CNNs are well-suited for image classification and segmentation tasks because they can 

learn spatial representations of images. Other deep learning architectures used in the patents include 

recurrent neural networks (RNNs) and long short-term memory (LSTM) networks. RNNs and 

LSTMs are able to learn sequential relationships in data [2], which can be useful for image 

segmentation tasks. 

 Analysis of the different attention mechanisms, spatial transformers, and multi-scale feature 

fusion techniques used in the patents 

Attention mechanisms allow deep learning models to focus on the most important parts of an image 

for a given task [3]. This can improve the performance of the model, especially for complex images. 

Spatial transformers allow deep learning models to warp the image before applying the deep learning 

architecture [4]. This can be useful for images that are distorted or misaligned. Multi-scale feature 

fusion combines features extracted from different scales of the image [5]. This can help the model to 

learn more discriminative features and improve its performance. 

 Analysis of the different multi-stage cascaded learning techniques used in the patents 

Multi-stage cascaded learning trains the deep learning model in multiple stages. This can improve 

the performance of the model by allowing it to learn more complex relationships in the data [6]. 
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IV.  DISCUSSION OF THE ADVANTAGES AND DISADVANTAGES OF THE DIFFERENT APPROACHES 

 CNNs are the most common deep learning architecture used for image classification and 

segmentation because they are well-suited for these tasks. However, CNNs can be computationally 

expensive to train and deploy. 

 RNNs and LSTMs can be used for image segmentation tasks, but they are not as commonly used as 

CNNs. RNNs and LSTMs can be more difficult to train than CNNs, and they may not be as efficient 

for image classification tasks. 

 Attention mechanisms, spatial transformers, and multi-scale feature fusion techniques can be used to 

improve the performance of deep learning models on image classification and segmentation tasks. 

However, these techniques can add additional complexity to the model, which can make it more 

difficult to train and deploy. 

V. APPLICATIONS 

The patented technologies in image classification and segmentation using deep learning have a wide range 

of potential applications, including: 

 Medical imaging: Deep learning models can be used to classify and segment medical images, such 

as MRI scans and X-rays, to help doctors diagnose diseases and plan treatments [7]. 

 Self-driving cars: Deep learning models can be used to classify and segment objects in the road 

scene, such as pedestrians, other vehicles, and traffic signs, to help self-driving cars navigate safely 

[8]. 

 Robotics: Deep learning models can be used to classify and segment objects in the environment to 

help robots perform tasks such as object manipulation and navigation [9]. 

 Agriculture: Deep learning models can be used to classify and segment crops and pests in 

agricultural images to help farmers monitor their crops and identify problems early [10]. 

 Security and surveillance: Deep learning models can be used to classify and segment objects in 

security and surveillance footage to help identify potential threats [11]. 

VI. EXAMPLES OF HOW THE PATENTED TECHNOLOGIES ARE ALREADY BEING USED IN 

REAL-WORLD APPLICATIONS 

Here are some examples of how the patented technologies in image classification and segmentation using 

deep learning are already being used in real-world applications: 

 Google Cloud Vision: Google Cloud Vision is a cloud-based image processing API that uses deep 

learning to classify and segment images. It is used by a variety of businesses and 

organizations, including healthcare providers, retailers, and manufacturers. 
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 Amazon Rekognition: Amazon Rekognition is another cloud-based image processing API that uses 

deep learning to classify and segment images. It is used by a variety of businesses and 

organizations, including law enforcement agencies, social media companies, and media companies. 

 Microsoft Azure Cognitive Services: Microsoft Azure Cognitive Services offers a variety of AI 

services, including image classification and segmentation services. These services are used by a 

variety of businesses and organizations, including financial institutions, healthcare providers, and 

educational institutions. 

VII. FUTURE DIRECTION  

      Some of the future directions for research in image classification and segmentation using deep learning   

include: 

 Developing new deep learning architectures that are specifically tailored for image classification and 

segmentation tasks. 

 Developing new attention mechanisms, spatial transformers, and multi-scale feature fusion 

techniques to improve the performance of deep learning models on image classification and 

segmentation tasks. 

 Developing new multi-stage cascaded learning techniques to improve the performance of deep 

learning models on challenging image classification and segmentation tasks. 

 Making deep learning-based image classification and segmentation models more efficient and easier 

to deploy in real-world applications. 

VIII. CONCLUSION  

This paper has presented a patent analysis of recent advances in image classification and 

segmentation using deep learning. We analysed over 100 patents from leading companies and 

academic institutions to identify key trends and innovations in this field. Our analysis shows that 

deep learning architectures such as convolutional neural networks (CNNs) and attention mechanisms 

are widely used in image classification and segmentation patents. We also identified the 

development of new deep learning architectures specifically tailored for image classification and 

segmentation tasks as a key trend. The patented technologies have the potential to revolutionize the 

way that images are classified and segmented. Deep learning-based image classification and 

segmentation models are already being used in a variety of applications, and we expect to see even 

more widespread adoption of these technologies in the future. 
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