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ABSTRACT 
 

 

Image caption generation is a natural language sentence generated using deep learning technology. 

Image captioning means generate textual caption for any image which is either capture by camera 

or any medical report by using deep learning or Natural language Processing (NLP) based 

technique. Medical image captioning contains reports for which it generates suitable caption like 

symptoms and diseases of patients. It is very effective and useful for physicians and for lab 

diagnostics. Finally generated caption is verified by evaluation matrices which check similarity 

between NLP generated caption and actual caption. Medical Image Captioning is used in many 

research fields. Medical Image captioning is used to detect symptoms of disease effectively and it 

take less time to lab pathologist to decode the required information. It used in many research areas 

for generate vaccine and new medicine for viral diseases. 
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                       CHAPTER 1:  INTRODUCTION 

1.1 INTRODUCTION TO IMAGE CAPTIONING 

Image captioning is the advanced methodology of providing a text description for an 

image, this advance method is known as image captioning. It works on the computer 

vision techniques with natural language processing (NLP) to enable intelligence to 

understand and describe visual content. Aim of image captions is to automatically 

generate a human-like description that accurately represents the content of the image. 

This task requires a deep understanding of the visual information present in image also 

having ability to work to generate coherent and contextually relevant text sentence. 

Medical Image Captioning is advance technology of image captioning which is used to 

generate textual captions of medical diagnostics reports, it collects the information from 

image which I present in the report. This Medical Image Captioning Technology enables 

us to generate textual information from laboratory reports easily, which helps doctors, 

pathologist, and diagnostics. Medical image captioning generate result accurately from 

laboratory-based tests, it helps doctors and diagnostics to go for further process of 

treatment. 

Image captioning is the method of generating textual description of pictures using, 

computer vision and deep learning methodology, which is used to analyze the 

information present in the image. This methodology is used to save time by generating 

caption from the lab reports, so this is very helping and useful technology in these days 

in medical domains. Medical image captioning is modern technique to decrease burden 

on doctors. 

In medical domain caption generate is very useful for doctors and pathologist to analyze 

proper result of any type of pathology report. It focused on technique to automatically 

text caption generator. Image captioning applied on medical images which accelerate 

and help the medical research process for physicians. Which is used by diagnostics in 

laboratory. Medical image captioning of X-Ray images is indicating the symptoms of 

further investigation of normal or abnormal. Rapidly increasing the number of medical 

images which makes burden on pathologist and physicians so medical image captioning 

a modern technique to remove tremendous burden on physicians and lab pathologist.  

Here our aim is to find difference between general images and medical images using 

chest images using Artificial Intelligence. 
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This image captioning area used computer vision technology and natural language 

processing to understand image as natural language process and analyze images. This 

process used several methods for generating textual description from image; Template 

based method, Machine learning based methods and deep learning. This paper is a short 

review of medical images based on different methods using different datasets by using 

evaluation matrix. 

1.2 TYPES OF IMAGE CAPTIONING  

THERE ARE TWO TYPES OF IMAGE CAPTIONING: 

1) GENERAL IMAGE CAPTIONING. 

General image captioning generally focused on daily life images, and generate textual 

descriptions. General Image captioning consists of VGG-16, Resnet, inception, and 

transformer based Deep learning model for image to text generator. General Image 

Captioning is the research process which helps to automatically generating textual 

description from image by using deep learning methodology. General image captions are 

generating using CNN-LSTM, Transformer based on deep learning methodology. 

 

2) MEDICAL IMAGE CAPTIONING  

Medical image captioning is modern diagnostic workflow in medical domain. Medical 

image captioning specially focused on X-rays, MRI, ECG, CT scan and fundus images. 

By using Deep learning Methodology. Medical image captioning is used to collect 

textual data of medical images using artificial intelligence. X-Ray is a basic routine 

checkup for analyze the health symptoms, this is also used a medical image captioning. 

Medical image captioning is the methodology to providing using suitable algorithm 

based report to form textual sentence as description which help and accelerate and 

remove extra burden from physicians to analyze medical reports like X -Ray, MRI 

(Magnetic resonance images), ECG (Electrocardiography), Fundus images, EEE 

(Electroencephalography) and many more. As chest X-Ray are the most common type 

of medical images, and are important for screening and diagnosis there are many 

experiments are conduct using X- Ray. Medical Image captioning use to invent new type 

of vaccine for any new viral wave. MIC use a research purpose to generate data type 

datasets which helps further inventions. 
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Fig. 1.1 Types of Image Captioning 

 

Fig. 1.1: Difference between MIC and GIC 

1.3 CHALENGES TO IMAGE CAPTIONING 

Image captioning is a complex task which is generating by using Deep Learning. So, 

there are several challenges are in image captioning. Several Challenges are given below. 

A. FOR GENERAL IMAGE CAPTIONING 

• Limited numbers of datasets are there to generate caption of given images by using 

computer vision with assistance of natural language processing. 

• Sometimes the generated caption is not accurately matched with actual caption, 

therefore this is a dominant challenge in all. 

• There are several numbers of attempt of epochs to generate accurate caption and 

make it error free. 

B. FOR GENERAL IMAGE CAPTIONING 

• Medical images are more complex as compared to general images, so these images 

contain large amount of data which can be exerted to form natural sentences. 

Therefore, it is difficult to describe accurately. 

• Medical images are generated using different methods such as MRI, ECG, EEG, X 

Rays and CT-Scan. So, to decode these images from different models, we must use 

high level algorithm.  

Normal Chest with no pulmonary enema. The cardiac silhouette 

and mediastinum size are within normal limits. There is no focal 

consolidation. There are no traces of pleural effusion. There is no 

evidence of pneumothorax. 

 

A black and white dog is running across the green grass 

field. 
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• For medical image caption limited amounts of smaller datasets are there for use. For 

limited amount of dataset, deep learning algorithm is not generating caption 

accurately. 

• In Medical images, there some rare and unknown images to generate caption. so, this 

model may struggle to generate accurately. 

 

1.4 SCOPE OF WORK 

In medical image captioning it generate natural language sentences for medical reports such 

as CT-Scan, MRI (Magnetic Resonance Images), ECG (Electrocardiography), EEC 

(Electroencephalography) And X Rays. The Medical image captioning assist us to explore 

more about symptoms and prevention of disease. Medical image captioning ha potential to 

analyze the scope of medical image captioning is given below. 

• In the radiology department automatic text generated is necessary. In radiology, for 

radiologists it is difficult to exploring and demonstrating decisions. So, MIC plays 

important role for automatic text generation for documenting finding by using deep 

learning terminology, which consists of natural language processing and computer 

vision. 

• Medical Image Captioning plays important in education and training purposes. By using 

MIC, all students who pursuing medical courses take advantages of this and it is easy to 

understand the process behind disease’s symptom and their prevention. Medical image 

captioning helps in medical curriculum by improving educational material. 

• Medical image captioning is the process to generate descriptive caption for medical 

related image. And it is used to reduce the time consuming during medical procedure 

and, also reduce the time spent by medical professional on reports and medical 

documentations. So, MIC plays important role now days and time economical for 

treatment of disease. 

• Automatically caption generate using MIC helps to generate required dataset and used 

to analyze and identify patterns of disease. It used to identify risk factor, symptom, 

preventions, and further process, and check the efficiency of newly invented medicine 

for diseases.  

• Medical image captioning is accessibly worldwide, there is no language barrier due to it 

generate descriptive captions from the medical images in all languages. This makes easy 
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to understand for doctors. This process also helps patient’s health care. Patient’s history 

and past records is also useful for further cure in all over worldwide. 

• Medical Image captioning also helps in research and development field. Its helps 

researchers to find suitable antidote, vaccine for any new types of viral wave. By using 

medical image captioning, it helps to learn more for medical imaging. It creates datasets 

for training machines for further research process and further studies. 

 

1.5 DISSERTATION ORGANIZATION 

 

The content of the dissertation is organized into six chapters: 

 

• Chapter I INTRODUCTION TO IMAGE CAPTIONING 

• Chapter II LITERATURE SURVEY 

• Chapter III METHODS OF MEDICAL IMAGE CAPTIONING 

• Chapter IV ARCHITECTURES USED IN IMAGE CAPTIONING  

• Chapter V DATASETS AND EXPERIMENTAL RESULTS 

• Chapter VI CONCLUSION AND FUTURE SCOPE 

Chapter I – Includes the introduction image captioning using deep computer vision along 

with natural language processing. 

Chapter II – This chapter is literature survey, which gives an insight about the research 

papers published based general and medical image captioning. 

Chapter III – This chapter consists of methods used in the implementation of the proposed 

work. 

Chapter IV – This chapter covers background techniques and Architectures 

Chapter V – This chapter includes the datasets used and types of datasets and the 

experimental results. The results also involve performance comparison between general and 

medical images 

Chapter VI – This includes the conclusion about the research work and future research. 
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                     CHAPTER 2: LITERATURE SURVEY 

Medical image captioning is a procedure of converting image into descriptive textual caption 

of different medical images. Medical images are extracted from X Ray, CT scan, MRI 

(Magnetic resonant images), ECG (Electrocardiography) and EEG 

(Electroencephalography). These are patients report of disease, which contains large no 

details like Age, Sex, Blood group, Blood pressure, Sugar level and type of disease. By using 

Medical Image Captioning, it generates textual information from image (It consists report of 

patient). The generated text contains brief information about certain disease, symptom and 

according to report-based caption, some preventions are taking place. It helps patient and 

improve health on daily basis. The generated caption is also useful for doctors and physicians 

for cure of disease and useful for further process. The generated caption is also useful for 

future research and applications. In literature survey we must discuss about some other 

methods of image captioning used before and their architecture. For general image 

captioning it is the domain of image captioning in which, captions are generated 

automatically using different methods to explain the feature and data available about the 

general image. This area uses the natural language processing along with computer vision 

combination for descriptive caption. General image captioning used text based-image 

retrieval, robotics interface and it also helps for blind peoples. For medical image captioning, 

there are some proposed methods are used to generate caption from medical reports such as 

CT scan, X Ray, MRI, ECG, EEG, and ultrasound.  

 

     Fig. 2.1: Model Architecture 
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2.1 RETRIEVAL-BASED IMAGE CAPTIONING 

Retrieval based image captioning is the conventional method-based image captioning in 

which caption is generated by using some existing captions for any image. In this process 

caption is not generated from the base. In retrieval-based image captioning, image is 

preprocessed using convolution neural network and extract some feature vector such as 

VGG, Resnet and Inception. These feature vectors are used to extract most of the information 

from image and used in further process. It consists large number of images and their 

predicted caption in datasets which helps to generate caption from image. If we must 

generate caption for any image, it first checks the caption of previous image in dataset and 

then use previous captions (Text) for new image. The advantages of image captioning are 

less complexity, used previous datasets during captioning.  

2.2 TEMPLATE-BHASED IMAGE CAPTIONING 

It consists of large no of predefined templates which use further for image caption and using 

templates it extracts required or necessary features from mage. In template-based model, it 

uses image recognition features to extract features from image and identify key functions 

such as object, actions, and attribute of images. In this methodology it decides suitable 

templates for image captioning and use that template for further process. The final process 

of template-based image captioning is slot filling, in which it fills the details of image like 

attributes by template method. 

2.3 SHOW ATTEND AND TELL BASED IMAGE CAPTIONING 

 It is fundamental rule of image captioning, this method is used in medical image captioning. 

SAT is attention-based image captioning using artificial neural network. It consists of 

attention with CNN and RNN to generate captions using advance imaging software and AI 

based tool which help radiology in detecting features of X Ray images. SAT based image 

captioning analyses and understood on different parts of images to extract important details 

or features from image and generate advance captions. It consists MMIC-CXR data sets for 

X Ray images. SAT consists of three block process for image caption are Encder, Attention 

Mechanism and Decoder. In this process it takes image as input and, encode it, focus on each 

part of image, and analyze deeply and extract rich features and generate L length caption z. 

an encoded sequence of words from w length vocabulary. 
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z =  { 𝑧1, . . ., 𝑧𝐿}, 𝑧𝑖  ∈  𝑅𝑊𝑆𝐴𝑇   i 

 

Encoder, in which it extracts features using convolution neural network. It encodes an image 

and provide output in the form of set of a vectors C, each belongs from D dimension for each 

part. 

a =  { 𝑎1, . . ., 𝑎𝐶}, 𝐴𝑖  ∈  𝑅𝐷 𝑋 𝐷 ii 

 

where C represent number of channels in the output of encoder.  Here different types of 

encode are used based on which it can be, 2048 for Inception V3, 101 for ResNet, 512 for 

VGG16. Here features are extracted from lower convolution layers before all other layers. 

These extracted features are then passed through average pooling layers due to this decoder 

find the required features easily. Finaly decoding is taking place using LSTM, it provides 

sequential format of extracted text caption. LSTM decide the position of each word vector. 

 

       Fig. 2.2: Attention Module SAT 

Here attention mechanism is used to assign dynamically weight of different part of image 

during descriptive caption generate. During this process attention mechanism follow the path 

to assign dynamically weight to each part of image and used for each spatial vector of image. 

Attention weight is used to operate context vector which demonstrate as weighted sum of 

image features and attributes, it consists useful required information of image while image 
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captioning. It helps to generate exact caption word in the caption. Therefore, show attend 

and tell is used to generate caption of image and focusses on each part of image. 

2.4 GENERATIVE PRE-TRAINED TRANSFORMER 

It is a vast and advance language project based on transformer consisting 1.75 x 1011 

parameters, this model trained on 570Gb of text. GPT-3 is used to generate human like for 

an image using pretrained data using parameter and text. GPT-3 is a transformer used to 

predict next word for the predicted caption in a sequence. Transformer is consisting of one 

encoder and one decoder in which these are aligned together. In case of GPT-3 there is only 

decoders are used. One decoder is used to work with masked self-attention and feed forward 

neural network used to make attention with previous inputs. In this process there are two 

types of encodings are used, byte pair encoding and position encoding are used for image 

captioning. 

Proposed architecture is used here by combination of GPT-3 and SAT placed sequentially. 

SAT algorithm is used to extract image feature and focus on each part of image while GPT-

3 is used here to derive descriptive text for X Ray images. 

 

Fig. 2.3: Architecture using SAT and GPT-3 
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CHAPTER 3: METHODS FOR MEDICAL IMAGE CAPTIONING 

 

3.1 MACHINE LEARNING BASED METHODS 

In Machine learning-based image captioning a single algorithm is used to encoder as well as 

encoder to provide suitable textual caption of any image. RNN (Recurrent Neural Network) 

Based Method: Use RNN such as long short- term memory (LSTM) which is used to 

generate text captions sequentially word by word. [4] 

 

Convolution Neural Network (CNN) Based Method: CNN is utilized for extraction of image 

features followed merging of RNN for caption generator. This is also known as encoder-

decoder approach for image captioning. It is used to extract important features and attributes 

from digital image and analyze it with dataset and post training, extracted features then 

transfer to RNN based text formatting. 

 

DISADVANTAGES OF MACHINE LEARNING BASED IMAGE CAPTIONING 

There are more numbers of Disadvantages of Machine learning based image captioning a) 

Data Dependency, b) Overfitting, c) Training Time, d) Computational resources. 

 

 

 

Fig. 3.1: Machine Learning Algorithm 
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3.2 DEEP LEARNING BASED METHODS 

Deep Learning is an advanced version of machine intelligence in which extracted features 

are accurately and it process more training data. According to training data it provides 

precise and accurate outputs for test data. Deep learning is a modern method to analyse and 

synthesize the model accordingly.  

 

     Fig. 3.2: Deep Learning Algorithm 

 

LONG SHORT-TERM MEMORY (LSTM) BASED IMAGE CAPTIONING 

In this process of LSTM method for image captioning is popular approach of deep learning 

of image captioning. LSTM is a type of RNN which is used to designed to remove the 

problem called vanishing gradient problem in RNN. LSTM is useful for arrange the text 

format and decide the position of each word in sequential format.  

 

TRANSFORMER BASED IMAGE CAPTIONING 

In this methodology, Image Captioning using Transformer and EfficientNetB2 combines to 

generate suitable human like text approaches in computer vision (CV) and natural language 

processing (NLP) to consists the task of generating descriptive text that accurately reflects 

the content and attributes of an image. In the image understanding phase, EfficientNetB2, a 

highly efficient image encoder, is employed alongside Transformer models to extract 

required features and attributes from input images. These features encapsulate visual content 

and lay the groundwork for subsequent caption generation. In the language generation phase, 

the Transformer model processes these visual elements, producing coherent and contextually 

relevant textual descriptions. 
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GENERATIVE ADVERSARIAL NETWORK (GAN) BASED IMAGE CAPTIONING 

GAN methodology for Image captioning: Generative adversarial Networks (GANs) is 

technique for image captioning method which involves training a GAN to generate image 

conditioned on captions and use separate method for image captioning. Train Conditional 

based condition GAN where both the generator and discriminator are on captions. [3] 

 

VARIATIONAL AUTO ENCODER BASED IMAGE CAAPTIONING 

Variational Auto Encoder: In this image captioning method, it uses two terminologies 

encoder and decoder. Encoder is used to take input from image, encode into laten space 

representation, it collects important features and attributes from image and decode this using 

decoder, it is used to convert latent space representation to textual form. Decoder is used to 

arrange text in the serially. It decides the place of each word in the serial sequence of 

sentence. By using both encoder and decoder block, it is very easy and effective to generate 

descriptive caption for any type of image data. 

ADVANTAGES OF DEEP LEARNING BASED IMAGE CAPTIONING 

There are some advantages of deep learning- based image captioning over machine learning. 

There is low loss in case of deep learning but there is high loss in case of machine learning 

image captioning. Simulation time is more in machine learning based image captioning and 

low simulation time for deep learning-based image captioning 
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  CHAPTER 4: ARCHITECTURE USED IN IMAGE CAPTIONING 

 

There are some architectures are used in image captioning, which is used to 

describe mechanism of generate descriptive text for any image either general or 

medical image. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig. 4.1: Architecture Used in Image Captioning 

4.1 ENCODER DECODER ARCHITECTURE 

It is used in deep learning model, which provide background base of image descriptive 

caption generator. This architecture is consisting of two most components are Encoder 

component and decoder component. These types of architecture are of neural network. This 

architecture is used to collect attributes from the images. This architecture is used in many 

applications of machine and deep learning such as object recognition, Segmentation, Natural 

Language Processing (NLP), Computer vision, image captioning and medical image 

captioning. This architecture helps to get effective, error free, and quality-based result. 

Encoder decoder architecture is used to arrange bridge between input and outputs. 
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ENCODER COMPONENT 

Encoder component is used to analyze input form of data which is provided by user to 

machine. Encoder processed the data and validating it, then encoder is used to pull out 

meaningful or required information or information from image for further process. In case 

of Medical Image Captioning, encoder analyze medical image and collect it to memory. 

Encoder component consist of CNN (Convolution Neural Network) algorithm by which all 

process is going on. Then the collected data which is pulled out by encoder is transfer to 

decoder component of this architecture for further process. 

DECODER COMPONENT 

Decoder is other component of this architecture. It works on the data which got transferred 

or passed by encoder components. Decoder is used to generate final output in the sequential 

form. Decoder used to define the position of all words and letters of sentence which is passed 

by encoder. The algorithm is used in this component is RNN which is Recurrent Neural 

Network.  It generates words in serial which make efficient caption of image. For Medical 

Image Captioning it helps to get proper and effective output for further process. 

 

 

  

  

 

     

 

Fig. 4.2: Encoder Decoder Architecture 

4.2 CNN-RNN ARCHITECTURE 

CNN – RNN is a type of architecture used in natural language processing (NLP), Computer 

vision and deep learning-based application. It consists of CNN (Convolution Neural 
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Network) and RNN (Recurrent Neural Network). The combination of CNN and RNN is used 

in image captioning. In this architecture CNN is used to collect attributes and extract 

important features from input image and then, information is stored in memory after that it 

passes to RNN. The CNN-RNN consists of some steps which are given below. 

• Pretrained CNN Features: In this steps pretrained CNN such as VGG, ResNet are used 

to collect important characteristics from input image. Then, extracted image features are 

passed to RNN. 

• Joint Training: In this step, both RNN and CNN are there for input image, they ordered 

to network to execute spatial and sequential representation for image. 

• Attention Mechanism: This process is used in RNN, in which RNN focuses on all the 

parameters of image while generating sequential caption. 

CONVOLUTION NEURAL NETWORK (CNN): 

CNN (Convolution Neural Network) is a deep learning-based algorithm which is used to 

find important features from input. CNN is used to extract spatial features from input image. 

It consists of multiple convolution layers. It consists of hidden layers in which extracted 

features are passed it. There are some weights provided to hidden layers for which it matches 

the weighted input. Then the extracted features from hidden layers are passed to soft max 

function. Finally extracted features are passes to RNN for analyze the sequential format of 

caption. 

RECURRENT NEURAL NETWORK (RNN): 

RNN is a Recurrent Neural Network, which is used to provide sequential format of output 

generated using CNN for any input image. It is used to processing data serially to provide 

effective, low loss output. RNN is usually used in speech recognition, pattern recognition, 

object detection, image segmentation, and image captioning. 

Advantages of Recurrent Neural Network is, it handles large amount of data. It can process 

input of any length, for larger input model remains same. 

Disadvantages of Recurrent Neural Network is Vanishing Gradient problem, vanishing 

gradient problem is occurring in neural network. When the value of gradient is very smalls, 
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while propagate backward through many layers of neural network at the time of trainings. 

This slows the entire process of neural network in activation function RELU. 

 

 

 

 

 

 

 

Fig. 4.3: CNN-RNN Architecture. 

 

4.3 CNN-LSTM ARCHITECTURE 

CNN-LSTM is another type of architecture which is used to generate effective descriptive 

human like caption from image. It consists of two parts, CNN, and LSTM (Long Short-Term 

Memory). CNN (Convolution neural network) extract features of input image while RNN 

(Recurrent Neural Network) is used to process the data in sequential format. 

CONVOLUTION NEURAL NETWORK (CNN): 

It is a deep learning-based algorithm which is used to extract important features from input. 

CNN is used to extract spatial features from input image. It consists of multiple convolution 

layers. It consists of hidden layers in which extracted features are passed it. There are some 

weights provided to hidden layers for which it matches the weighted input. Then the 

extracted features from hidden layers are passed to soft max function. Finally extracted 

features are passes to LSTM for analyze the sequential format of caption. 
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LONG SHORT-TERM MEMORY (LSTM): 

It is upgraded version of Recurrent Neural Network (RNN). It is used to remember previous 

data. Long Short-Term Memory is advanced version of RNN, which is used to store long 

term dependencies in serial data of text. It consists a memory to store data for long time. T 

store data for long period of time, by their default behavior. There is some difference 

between RNN and LSTM, RNN can process single data serially but LSTM is capable to 

process complete sequence, it also ensures the important of word in the sequence of data and 

which is worst to throw away from sequence. The final selected output is only passed to next 

layers. It is also used to resolve vanishing gradient problem in RNN. 

 

 

Fig. 4.4: LSTM Architecture. 

 

MATHEMATICAL REPRESENTATION OF CNN-LSTM 

𝜃∗ = 𝑎𝑟𝑔 max
𝜃 

 ∑ logp(S|I; θ)

𝑛

(𝐼,𝑆)

 
iii 

 

𝑙𝑜𝑔𝑝(𝑆|𝐼) = ∑ 𝑙𝑜𝑔𝑝(𝑠𝑡|𝐼, 𝑠0,….,𝑠𝑡−1)
𝑁

𝑡=0
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     Fig 4.5: CNN -LSTM Architecture 

 

4.4  TRANSFORMER ARCHITECTURE 

Transformer is consisting of two types of Architecture these are EfficientNetB2 and 

Transformer. Transformer model used encoder decoder architecture same as previous used 

architecture. There is some difference on this architecture, it can receive data sequence in 

parallel form.  The efficientNetB2 and transformer algorithm are explained below. Finally, 

efficientNetB2 and transformer architecture is used to generate descriptive caption by 

predictions. The combination of transformer and efficientNetB2 architecture is powerful to 

extract image features and generate predicted descriptive output.  
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               Fig 4.6: Transformer and EfficientNetb2 Architecture 

EFFICIENTNETB2 

EfficientNetB2 is neural network architecture used for transformer-based images. 

EfficientNtB2 is used to find and colect the input image features and pass the extracted 

features to transformer architecture. It consists of sequence of layers such as convolution 
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layers, and normalization layers. In this process network is pretrained by bulk of images with 

their captions from the required datasets.   

 

 

 

 

 

 

 

        Fig 4.7: EfficientNetb2 Architecture 

 

TRANSFORMER 

Transformer is used here to generate final predicted caption after receiving from 

efficientNetB2. Transformer is also an artificial neural network-based algorithm. 

Transformer is a type of model is used to generate textual information and arrange serially. 

Transformer is also having capability to locate the position of each word, text in the line. 
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  Fig 4.8: Transformer Architecture 
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CHAPTER 5: EXPERIMENTAL RESULTS 

5.1 DATASET PREPARATION 

National Institute of Health Chest X-Ray Dataset 

Chest X-Ray is challenging as well as difficult method as compared to chest CT images. It 

helps for medical image captioning we use publicly available dataset contain X-Rays 

Images. The datasets used for this project are the National Institute of Health Chest X-Ray 

Dataset to train the CNN feature extractor model (CheXNet) and the Chest X-rays (Indiana 

University) dataset to train the model with the captions. This report consists of comparison, 

indication, findings, and impression section for the images. The comparison section contains 

previous information of the disease of patient. Indication section Contains symptoms. 

Impression Contains Final Outlines. 

 

 

• ChestX-Ray14: It is very vast and convenient dataset publicly available for chest 

diseases, this dataset is generated by NIA, this dataset consists 112,120 frontal view x-

ray images. These data set generated using samples of 30,805 patients. Consists 14 

different thoracic pathology labels extracted using natural language processing on 

radiology report. Label image is focused on pneumonia as one of the prominent diseases. 

 

                    

 

               Fig 5.1: Datasets used. 
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5.2  EVALUATION METRICS 

Evaluation metrics are the parameters which is used to measure efficiency or quality of result 

in medical parameters. Evaluation metrics is used to match or compare the Frequency of 

machine generated text and actual text. Most common evaluation matrices are given: 

• BLEU: It is Bilingual evaluation and understudy; it emerges from machine translation 

and summarization. It is most used evaluation parameters; it compares the text of caption 

generated from machine and true caption. It generates predicted textual sentence from 

any image. It compares difference between actual and human generated sentence. It is 

quick to calculate and responds the way human brain think. There are three categories in 

blue score, BLEU-1, BLEU-2, and BLEU-3.  

Bleu-1 is used to unigram the precision score.  

Bleu-2 used as geometric mean of unigram and bigram precision score.  

Bleu-3 used geometric mean of unigram, bigram, and trigram precision score. 

 

• CIDER: It is defined as the Consensus based Image Description Evaluation; it was 

originating specially for General image captioning. It is used in object detection, image 

captioning, and action recognition by using NLP and computer vision for evaluation 

sentence generated by machine. It measures the similarity between original and predicted 

(Human Based Caption) caption. CIDER evaluation metric is considering as best tool to 

check similarity between actual and human predicted output. In this evaluation metric, 

initially a set of reference textual caption is provided for all the images, used to base 

foundation for image caption. The generated caption is compared using base caption by 

the help of BLEU metric, used to calculate n-gram between actual and predicted textual 

caption. 

 

 

• METEOR: Metric For Evaluation of Translation with Explicit Ordering. It is matrix for 

evaluation of NLP translation textual caption output. It is harmonic mean between 

unigram precision and recall. Meteor metric is used to evaluate machine textual form of 

caption. It is used in image segmentation, image captioning and object detection. Meteor 

is used to check alignment between actual and predicted text, in which it is used to match 

each word of the sentence. There is multiple alignment are there for compares the 
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sequence of sentence. METEOR is considered for both precision and recall for 

evaluation. 

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑁𝑜 𝑜𝑓 𝑈𝑛𝑖𝑔𝑟𝑎𝑚 𝑎𝑟𝑒 𝑓𝑜𝑢𝑛𝑑 𝑖𝑛 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑎𝑛𝑑 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒 𝑡𝑟𝑎𝑛𝑠𝑙𝑎𝑡𝑖𝑜𝑛

𝑁𝑜 𝑜𝑓 𝑢𝑛𝑖𝑔𝑟𝑎𝑚  𝑖𝑛 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒 𝑡𝑟𝑎𝑛𝑠𝑙𝑎𝑡𝑖𝑜𝑛
 

 

𝑅𝑒𝑐𝑎𝑙𝑙      =
𝑁𝑜 𝑜𝑓 𝑈𝑛𝑖𝑔𝑟𝑎𝑚 𝑎𝑟𝑒 𝑓𝑜𝑢𝑛𝑑 𝑖𝑛 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑎𝑛𝑑 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒 𝑡𝑟𝑎𝑛𝑠𝑙𝑎𝑡𝑖𝑜𝑛

𝑁𝑜 𝑜𝑓 𝑢𝑛𝑖𝑔𝑟𝑎𝑚  𝑖𝑛 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑡𝑟𝑎𝑛𝑠𝑙𝑎𝑡𝑖𝑜𝑛
 

 

• ROUGE: Recall Oriented Understudy for Gisting Evaluation. It is a well-defined 

collection of matrix and software data collection for evaluation of caption using machine 

learning. It is used to check the similarity between actual and predicted human 

translation-based caption.  ROUGE is a case sensitive, in which uppercase and lowercase 

alphabets are different. This evaluation metric is used to compares the similarity and 

difference between reference and human translation based textual caption. 

Rouge-1 is used for unigram between actual and predicted output. 

Rouge-2 is used for bigram between system and actual output. 

 

• SPICE:  Semantic Propositional Image Caption Generated. It is important component 

used for evaluation and arranging human caption. It is used for compares the machine 

generated and actual (Human Generated) text. It also used to give answer about which 

caption generator is best and due to which evaluation metric overall efficiency. It is used 

to analyze n-gram overlap. 
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5.3 EXPERIMENTAL RESULTS 

Epoch Calculation:  loss is 2.0795 

 

                 Fig 6.1: Loss Count For Epoch 

 

          Fig 6.2: Epoch Graphical Representation 
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 Using this NIH Chest X-Ray dataset, the output of the medical images is shown 

below: 

 

 

 

 

 

 

 

 

                Fig 6.3: Output of image For Clear Lungs 

 

 

 

 

 

 

 

 

 

 

 

  Fig 6.4: Output of image For Pulmonary  
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        CHAPTER 6 

                         CONCLUSION AND FUTURE SCOPE 

  

Medical Image Captioning (MIC) is a broad area of discussion, in which it generates textual 

form of any medical report. In medical Image Captioning, we discuss and generates captions 

for Chest X-Ray images using deep learning methodology. Here to generate caption for 

image we use dataset called CheXnet. In this project, we discuss about the medical images 

and generate report based textual content which helps lab pathologists to analyze disease and 

provide their test report. Analyze qualitative as well as quantitative approach for medical 

image captioning. In future we have upgrade the medical image captioning using 

transformer-based model, and reduces the epoch loss. By using upgraded methodology, this 

used and helps in medical research and medical diagnostics. 
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