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ABSTRACT 

Nowadays image captioning is a large area for research because of its social and commercial usage. 

To understand a picture, it is necessary to understand its features first. For this work, we have used 

a Convolutional Neural Network (CNN) which has trained images to generate words from its 

features. Then the words are arranged to form a sentence. The activation level of the CNN serves 

as an input for the Recurrent Neural Network (RNN) and generates a complete caption. These 

networks sequentially behave like an encoder and decoder. In existing work, the data used for this 

case study were not adequate and had a lack of different types of data. They don’t have multiple 

captions. In this paper, we have introduced sunset related image-captioning methods in the Bengali 

language based on deep learning. To achieve better results, we have proposed a model, merged 

with the LSTM layer and the second last layer of the VGG16 model with a dense layer. We have 

achieved 78.26% accuracy with our proposed model for Sunset related image captioning in the 

Bengali language. 
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CHAPTER 1 

Introduction 

 

Artificial intelligence is a rapidly emerging sector in today's world. It deals with many common 

difficulties in our daily life. Of them, an artificial intelligence difficulty is generating captions 

where a textual statement ought to be generated for a given image or a photo. For describing a 

photo in internet or search it by image, we need to give it a good caption as an intermediate or final 

step. Basically, captioning an image involves generating a human-readable descriptive text for a 

given photo. In English, it is already an enriched section. But for Bengalis, it is still quite an ignored 

sector, which creates searching and other related difficulties for the people using Bangla 

languages. 

Describing the feature observed in the given image is called image captioning. This way can be 

mentioned as a type of multi-class image classification and there lie a very huge number of classes. 

Through the use of machine learning techniques, image analysis can possible in the form of 

vectors. The training words are used by the machine learning methods to apply captions 

automatically for newly generated photographs. The initial steps subsisted between the features of 

images and training captions, which is covered the correlations. To achieve the sleek translation 

of the description-based vocabulary, these techniques were resolutely created and used by the 

machine-based translations. To caption an image is a simple matter for peoples, but it is very 

difficult for a machine because it involves the dataset will be in the (image as an input to the 

generated captions) appearance. Dataset consists of images that will use as input, the content of an 

image and how to translate into regular language. For captioning the photographs, we will need a 

massive number of datasets and their analogous output captions. The captions must be based on 

its topicality and put it into the system and just need to choose appropriate images. Fig. 1.1 show 

the scenario of our given data that is captioned by human. 
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(a) দুইসন্তানকেকোকেননকেছাতামাথােএেবাবাপাকেছাতামাথােএেট্র্যানিেপুনেে (A father has two children on his lap 

holding an umbrella and a policeman is standing beside him) 

 

 

 

(b) পাননরকবাতেহাকতদুইজননেশুগ্রাকমররাস্তানিকেকহকেযাকে (Two children walking down the village street 

holding water bottle) 

Fig. 1.0.1: Example of Human generated caption 
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Bengali Image Captioning will be a great achievement for Bangladeshi peoples because it can be 

automatically used for indexing images. Also, it can be used in the field of military, biomedicine 

education, image searching, digital libraries, web searching, etc. In deep learning-based methods, 

features are trained automatically from training data. They can manage a big and different set of 

images. 

 

1.1 Need of Deep Learning for Image Captioning 

Image features are very important for understanding an image. The techniques used for this motive 

can be divided into two sections: (a) Deep machine learning, (b) Traditional machine learning 

[10]. Recently, deep learning techniques got state-of-the-art results on these types of problems. 

Research has been done for many years with image captioning. But the relevant techniques were 

limited for this and they weren’t strong enough to manage the real world. The major problem is 

the limitations of heuristics or approximations for word-object relationships. To improve deep 

learning, in 2014 several high-profile AI labs began to release new approaches.  

In the present world, deep learning is a very powerful area with so many applications. One of them 

is Image Captioning. It is a popular research field of Artificial Intelligence. 

The advantage of deep learning is that it uses effective unsupervised or semi-supervised feature 

learning and layered feature extraction instead of man-powered feature extraction. The aim of 

feature learning is to seek better representations of data and to create a better model to learn these 

representations from large- scale unlabeled datasets.  

Deep learning is a contemporary information science method capable of dealing with data 

effectively. The traditional machine learning technique needs domain expertise in many cases in 

order to reduce the complexity of the data. On the other hand, Deep Learning techniques try to 

learn high- level features from data in an incremental way.  
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1.2 Problem Statement 

An image captioning consists of the process of generating textual statements from a given image 

which is based on the actions and objects in the image. The challenging problem in artificial 

intelligence demands both visual and linguistic understanding. In this paper, we have proposed 

deep learning-based image captioning. 

In the field of Bengali Image Captioning, captions are generated by mapping to image. In this case, 

the caption that the trained model generates is limited to human-generated captions. But in our 

point of view, when the machine is able to generate a caption from the vocabulary list of words, it 

would be a better approach. In the previous approach, the memory requirement was high. But it is 

possible to use less memory in our approach. 

 

1.3 Motivation 

In our everyday life, we get acquainted with various types of images of different places from 

various sources. Among them, social media and articles are the most popular sources in this area. 

There are lots of images in those sources that have no explanation. The viewers have to understand 

the meaning of those particular images without any explanation by themselves. And in many cases, 

humans can understand without their detailed explanation. But it is the period of the modern era 

so the machine needs to illustrate the image captions if humans want an automatic image 

captioning. 

In previous work, [1] the datasets they have been used are not enough for this case study. They 

also required more memory. The accuracy level of generated captions is also not so good. So, we 

want to work on this case study to generate more accurate captions for any image with more 

datasets. And this will require less memory. The majority of the images have subject looking at 

the camera so the model sometimes cannot generate proper caption. So, we decided to collect data 

from all angles.  
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1.4 Importance of Image Captioning 

Through image captioning, people can easily understand the story. Image captioning is important 

in many ways. The method of mapping images to natural languages and contrarily is an effective 

way in this area. For example- 

● Medical Science: Image captioning is useful in the field of medical science. By looking 

at image captions in the medical field, physicians can make the diagnosis easier. Due to 

automatic detection preventing disease can be more accurate and easier. 

● Indexing: Useful in an automatic image indexing. It is important for Content-Based 

Image Retrieval (CBIR) [10]. It can be used in commerce, education, biomedicine, 

military, web searching, digital libraries, etc. 

● Self-driving cars: Self-driving car is one of the ambitious challenges in the real world. 

By the blessings of image captioning, we can accurately caption the whole scenario 

around the vehicle. That gives collaboration to the autonomous car. 

● CCTV: Nowadays CCTV cameras are in most of the places. And it usually contains 

several clips of our day to day working life so that if there is any suspicious activity held 

on, all previous history can be checked. In this sense, if we can generate contextual 

captions of those screenplays, then we could ring an alarm as soon as possible. 

● Helps the blind: Image captioning is beneficial for the blind. By converting the scenario 

into the sequence of words and then to voice we can guide the blind people while 

traveling. In recent days both applications are famous in the field of deep learning.     

● Social Media Platforms: Social media platforms can predict the captions of the images 

from the scene of what you wear, where you are at this moment.   

● Searching area: Image captioning can help to make ‘Google Image Search’ as good as 

the popular ‘Google Search’. To do this each image needs to be converted into a 

meaningful caption and then the search can be accomplished based on the generated 

caption. 
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1.5 Background 

The modern world is an area of research. It is a period of technology. Real-world has a remarkable 

proficiency in the area of deep learning-based image captioning. There are several works has been 

done on this case study. So, we can easily say that this field of research is quite popular in the 

present day. It is a good approach to provide text for any kind of image that arrives on the page so 

that an image can be heard or read as averse to just seen. [2] In previous work, dense captioning is 

very much popular in this sector. Fully Convolutional Localization Network is accomplished for 

addressing the text of a given image and also for localization. Creating a caption of an image by 

predicting objects is a very popular case study in the area of artificial intelligence. An image can 

be described by using detecting words, generating sentences and re-ranking those sentences 

through models and detectors. There are several approaches has been proposed in this area which 

gives us good result with better accuracy. But still, image captioning in the Bengali language did 

not get famous as the English language did. Only one case study has been done on image 

captioning in Bengali [1] which is very useful for future work like ours. To generate captions there 

are several networks have been used. Most of the cases Convolution Neural Network (CNN) acts 

as an encoder. On the other hand, Recurrent Neural Network (RNN) acts as a decoder. 

 

1.6 Flow of the Research 

Research activities have been carried out in several steps. At first, an extensive literature review 

was performed. Then the proposed idea and methodology for image captioning are described with 

the implementation of our model. At last, the proposed model was experimented. Figure 1.2 

illustrates the flow of the research activities.  



 
 

7 
©Daffodil International University   

 

Figure 1.5.1: Flow of the research work 

1.7 Thesis Organization 

The rest of the paper is organized as follows. 

Chapter 2 highlights the literature review of this case study. 

Chapter 3 describes all about Artificial Neural Network for image captioning using deep learning 

approaches. Chapter 4 describes the working methodology. 

Chapter 5 illustrates the models that we had used in our experiment and also describes the 

architecture and the solution we proposed. Then all the results and analysis part is shown of this 

work in Chapter 6. 
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CHAPTER 2 

Literature Review 

In [1], authors have used a pre-trained VGG16 image embedding model with stacked LSTM 

layers. 16, 000 Bangladeshi contextual images have been accumulated and manually annotated in 

Bengali. The output shows that VGG16 has successfully been able to learn a working language 

model and to generate captions of images quite accurately in many cases.  

In [2], this paper introduced dense captioning. This paper proposed a Fully Convolutional 

Localization Network which is performed for addressing the description of an image and 

localization. On the Visual Genome dataset they evaluate their network. 

The authors in [3], proposed the mechanism of bottom-up and top-down attention where the first 

one belongs to Faster R-CNN for image regions with an associated feature vector and the second 

one for feature weightings. They focused on large image regions. 

In [4], another paper represented automatically generating image descriptions by using three steps: 

detect words, generate sentences and re-rank sentences through detectors and models. In their 

work, they showed that the generated captions are 34% equal to human captions. 

This paper compared different approaches which are Detector Conditioned Models, Multimodal 

Recurrent Neural Network and k-Nearest Neighbor Model. They examined different types of 

issues such as overlapping issues, repetition of captions, etc. [5]. 

To produce tokens as an input for machine translation and image captioning need to train RNNs 

[6]. In this case, the unknown previous token is being replaced at an interface area. So, this paper 

introduced a method to change the training technique.  

In [7], provides residual-networks. But still, this had a lower complexity. They are able to obtain 

28% improvement on the COCO dataset.  

In [8], it represents a Decoupled Novel Object Captioner (DNOC) framework that can disengage 

the language model from the object descriptions and also the words. It can generate by using the 

zero-shot novel object captioning. Another paper worked on a "cross-domain image captioner".  
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At interface, they proposed a "novel critic-based planning method". This can select high-quality 

sentences [9]. 

This paper provides a generic block diagram of the major groups of images, taxonomy of image 

captioning techniques. Evaluation matrices and datasets have been also a part of discussion [10]. 

This was done by deep-learning. 

Another paper [11] provides us an automatic description generation from natural images using 

natural language processing and computer vision. During this work, CNN is used as the encoder 

and RNN as the decoder. Decoder is guided by a sequential guiding network during word 

generation.  

The authors described the bi-directional mapping among images and their sentence-based 

statement. RNN is used to dynamically build a visual representation of the view as a caption is 

being generated [12]. This model is able to reform visual features given an image statement and 

generating novel captions given an image. The automatically produced captions are the same as 

(21.0 %) or peoples.  

In [13], including 8,000 images that are each paired with five different captions this paper contains 

a frame sentence-based image annotation, a modern standard summation for sentence-based image 

statement and search. Their results displayed the importance of training on multiple captions per 

image, and of capturing syntactic and semantic characteristics of these captions. For this task 

separate human and automatic evaluation metrics and allowing us to augment our collection with 

additional relevance judgments of which captions describe which image and proposed strategies 

for collecting human judgments cheaply and on a very large scale.  

In human caption evaluation semantic propositional content is a significant element. Automatically 

generating an image caption is an interesting task. Existing automatic evaluation metrics are 

primarily sensitive to n-gram overlap because evaluation is challenging. SPICE can answer 

questions for example which caption-generator better understands colors? And can caption-

generators count? [14] 

A paper contains automatic captioning of geo-tagged images by using dependency pattern models 

and n-gram language. They proposed that multiple web documents can summarize to automatically 
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generated image captions. They used n-gram language model for simpler representation of an 

object type model [15]. 
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CHAPTER 3 

Artificial Neural Network 

3.1 Artificial Neural Network 

An artificial neural network is a computational model network which is based on the composition 

and functions of the biological neural network. This network is known as a neural network. To 

receiving, processing and transmitting information, it behaves like an artificial human nervous 

method for in the field of computer science. Artificial Neural Network (ANN) plays a vital role in 

image captioning. The idea of learning and adapting to the flow of changing situations and produce 

information has always been one of the greatest research fields in the area of computer science. 

Not only that but also solving real-world problems the state - of - the- art achievement.   

Artificial Neural Network is capable to caption an image based on its meaningful features. Feature 

extraction is a valuable part for captioning an image and also for image classification. If the 

features are not selected well then, the best classifier will not generate a good result. So, to achieve 

better performances, it is essential to minimize the dimension of the feature vector. Convolution 

Neural Networks (CNN) and Recurrent Neural Networks (RNN) are very important networks of 

artificial neural networks. These two networks are very much useful in the area of image 

captioning. We will discuss these networks later in brief.  

 

Fig. 3.1.1: Simple architecture of ANN 
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To understand the artificial neural network, we can take a look at the basic form of an ANN. It can 

be generated from 3 different layers: - Input Layer, Hidden Layer, and Output Layer 

In Fig.3.1, the blue circle denotes the neurons on the input layer, the orange circle denotes the 

hidden layer and lastly, the green one is for the output layer. The arrow sign represents the 

connections between these three layer’s neurons. The inputs are fed in the model through the input 

layer. Hidden layers are used for processing the inputs received from the input layer. It can be 

more than one. At the output layer, data has been made available after processing. 

 

3.2 Deep Learning 

Nowadays deep learning is a very important area for research and applications. It is a technique 

that teaches the computer to do those things that come naturally from humans. Deep learning is 

capable to establish correlations. It can be called as a static prediction. It is capable to establish 

correlations among present and future events. Deep learning can run regression among both for 

the past and future events. The future event is as like as the label in a sense. Deep learning does 

not compelled to care about time or the fact that something hasn't occurred yet. Deep learning 

might read a string of numbers and also predict the number relevant to occur next. Early methods 

disclosed by Hinton and collaborators concentrate on "greedy layer wise training" and 

unsupervised techniques such as autoencoders. By using the back-propagation algorithm deep 

learning is focused on training models like deep neural networks. In this case famous methods are: 

● Convolutional Neural Networks 

● Multilayer Perceptron Networks 

● Long Short-Term Memory 

● Recurrent Neural Networks 

In our proposed model we used Convolutional Neural Networks, Recurrent Neural Networks and 

Long Short-Term Memory to accomplish our goal. 
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[10] Image captioning requires to identifying the important objects, their relationships and their 

qualities. It is necessary to produce not only syntactically but also semantically correct or 

appropriate sentences. Deep learning-based methods are a method that can able to handle the 

complexities and challenges of image captioning. Image captioning is one of the challenging 

applications of deep learning. It is the process of generating a description from a given image that 

is based on the actions and objects in the image.  

Deep learning approaches have remarkable state-of-the-art results on generation captions. The 

most impressive thing about this method is an end-to-end model that is single can be defined to 

predict a caption, given an image. Deep learning is getting popular because of its accuracy level. 

It’s getting high and high day by day. This technique is improving day by day to classifying the 

objects in images. Deep learning architectures such as recurrent neural networks 

(RNNs) and convolutional neural networks (CNNs) have been applied in computer vision. 

 

 

 

 Fig. 3.2.0: Diagram of Research framework. 

https://en.wikipedia.org/wiki/Recurrent_neural_networks
https://en.wikipedia.org/wiki/Convolutional_neural_networks
https://en.wikipedia.org/wiki/Computer_vision
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3.2.1 Convolutional Neural Network 

A convolutional neural network (CNN) belongs to the deep learning neural network as a class. For 

different types of computer vision tasks, CNN is very popular. CNN refers to a remarkable 

breakthrough in image identification or recognition. In image classification, they’re repeatedly 

working behind the scenes. A convolutional neural network is used to analyze visual imagery. The 

effect is so intense that it has been used from tagging photos of Facebook to self-driving cars. Its 

application to health care and protection systems is remarkable. Day by day this network is getting 

stronger in the field of deep learning. This network use very little preprocessing compared to other 

image classification algorithms. The pre-trained CNN used the ImageNet dataset. Mainly this 

network is trained on this dataset. Input images are transformed into a standard resolution. So that 

the input behaves like a constant for the model for any type of image that is given. In fig. 3.3, 

feature vector is created from a CNN. Technically, this vector is called embedding and the 

Convolutional neural network model is as like as an encoder. 

 

 

Fig. 3.2.1.1: Basic CNN 
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3.2.2 Recurrent Neural Network 

In the Recurrent neural network, the output from the previous event is fed as input to the present 

event. Traditionally, inputs and outputs are independent. But when it need to predict the subsequent 

word of a sentence, it’s required the previous word. So there is a need to remember the previous 

word in this technique. Long short term memory is a kind of recurrent neural network. We used 

this network in our proposed model. 
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CHAPTER 4 

Methodology 

4.1 Overview 

Image captioning deals with a variable-length output series of words. To captioning the image, our 

proposed model learns from that particular image and geminated sentences which narrate the 

illustrated events in the field of natural language. 

 

4.2 Research Methodology 

There are several approaches for image captioning. But we choose Deep Learning based image 

captioning for its better accuracy. The algorithms based on deep learning can handle not only the 

complexities but also the challenges of image captioning in an impressive way. We can classify 

deep learning for image captioning methods such as Multimodal space-based, Language model-

based, Novel object-based image captioning, Visual space-based, Supervised learning, Dense 

captioning, Attention-Based, Semantic concept-based, Stylized captions, Encoder-Decoder 

Architecture-based, Whole scene based, LSTM (Long Short-Term Memory). 

For our research, we used dense captioning with Convolution Neural Network, the encoder and 

the Recurrent Neural Network with Long Short-Term Memory, the decoder. To implement this 

method, we used ‘Keras’(A python library). This process has been very beneficial for our work. 

Through CNN, we have generated words for captioning. Then, the words are arranged to form a 

sentence and this is done by a language model. For an image caption model, this embedding 

becomes a dense representation of the image. Every image has its own description. So, we need to 

detect the objects of those images which can be generalized by dense captioning. If the training 

dataset has the same types of sentence then generally the model returns the human caption. We 

propose a sequence to sequence model for image captioning, where the input is the images and the 

output is the sequence of words (y1, y2,..., yn). Our model draws attention to the conditional 

probability of an output sequence by detecting the maximum common object that is given in an 

input sequence. Basically, there is a mapping between the image and the caption. The sentence 
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and vocabulary list are gone through mapping with each image. Captions are generated recursively 

by training with that vocabulary list.   

The impressive way of sequence to sequence captioning with an LSTM, Recurrent Neural Network 

(RNN) and Convolutional Neural Network (CNN). In existing work, datasets that have been used 

are not enough for this case study. And it also required more memory. The accuracy level of 

generated captions is also not so good. So, we wanted to work in this area to generate a more 

accurate caption for any image with more datasets.  And this will require less memory. The 

majority of the images have a subject looking at the camera so the model sometimes cannot 

generate proper caption. So, we decided to collect images of all angles. 

 

4.3 Environment 

4.3.1 Python Environment 

In this section, we will discuss our working environment that is used for generating captions. 

Basically python is a programming language. Our thesis paper is about the captioning image in 

Bengali. To do so we need to set up the environment with the necessary language and library.  

To accomplish our task we used python 3 (programming language). 

4.3.2 Keras 

Keras is a high-level neural network API that is written in Python. It is able to run on top of 

"TensorFlow", "CNTK" or "Theano". Keras is exhibited as part of the research effort of the project 

named "Open-ended Neuro-Electronic Intelligent Robot Operating System". 

Model is the core data structure of Keras. It is a way to organize the layers. The sequential model 

is a simple type of model. Keras is the python deep learning library which is used to run the models 

to generate captions. We have implanted our code with Keras. 
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CHAPTER 5 

Data Collection 

In the past, we have noted the huge effect of new datasets on research fields in Artificial 

intelligence. Flickr8K and MS COCO image datasets are one of the good datasets for image 

captioning. These datasets have images as well as consisting captions and it represents the foreign 

environment, culture, society, etc. These captions are written in the English language. But as our 

task is captioning the images in Bengali language so we could not use their captions for our case 

study. So we collect only images from Flickr8K and MS COCO as our dataset and captioned in 

the Bengali language. Moreover, we also need to add our native images. For this purpose, we used 

five diverse platforms to train and evaluate our model. These datasets containing real-world images 

and each image annotated with different types of captions. Our conducting dataset experiments on 

those platforms are news portal, www.flickr.com, www.pixabey.com, www.facebook.com, and 

www.unsplash.com, www.prothomalo.com. We used 00000 images as dataset, for training 0000, 

for validation used 0000 images and 0000 for testing our result. From the training set, we captioned 

14000 images in the Bengali language as a set of input. In previous work, only one caption has 

been given for each image [1]. But in our data set, multiple captions have been used for an image 

like the MS COCO dataset. This helped us to get more accurate results. In our case study, we have 

been used images as data that are taken from various dimensions. So there are many variations in 

the Collective Data. Because of this variation of datasets human-generated captions also have a 

massive variety. This allows the machine to predict many types of objects and generate captions 

from the list of vocabulary. Fig. 5.1 and 5.2 show the sample dataset of our case study. 

http://www.flickr.com/
http://www.pixabey.com/
http://www.facebook.com/
http://www.unsplash.com/
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(a) Sample of Bangladeshi images 

 

(b) Sample of human-generated captions 

(c) Fig. 5.1: Dataset of Bangladeshi images 
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(a)  Sample of foreign images 

 

(b) Sample of human-generated captions 

Fig. 5.2: Dataset of foreign images 
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(a) Human generated captions 

 

 

(c) Human generated captions 

Fig. 5.3: Example of multiple captions 
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CHAPTER 6 

Model 

6.1 Overview 

This section of the paper discusses the model that has been used in our system. There are many 

types of models in the world of deep learning that we can use in our research work. Our task is to 

give a picture as an input and get a perfect caption as an output. To do this we first trained the 

machine with various types of data. And to track this data, we need to have several networks. We 

will discuss about VGG16 pre-trained model and its dataset ‘ImageNet’, long short term memory 

model in brief.  

 

6.2 Image Classification 

In the present world, image classification has a great impact on artificial neural networks. It is one 

of the major concerns in recent days. Generally, it is the procedure of taking an input, for example, 

a picture and generating a class like “dog”. In another sense, it is the probability of classifying 

images. VGG16 and ImageNet is the image classification model. Image classification was 

extended to the more challenging task of generating descriptions (captions) for images, often as a 

combination of CNNs and LSTMs. 

6.2.1 VGG16 Pre-trained Model 

In our work, we used the VGG16 (Visual Geometry Group) model which is previously trained on 

the ID (Image net dataset) and used as the previously trained image model in the proposed system 

with some slight adjustments. It is a convolutional network for classification and detection. This 

is the model of Keras with a 16-layer network. This is used by the VGG team members. There is 

also some other model (e.g. ResNet, ResNetV2, ResNeXt). These may give us a better result but 

we choose VGG16 for our work. Pre-trained VGG16 is quick and gives good performance. Fig. 

6.1 illustrates the architectural structure of the VGG16 model. There are 16 layers, each layer used 

some filters. In layer 1, 64 filters are used in convolution layer, in layer 2, 64 filters are used in 
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convolution layer with Max pooling layer, in layer 3, 128 filters are used in convolution layer, in 

layer 4, 128 filters are used in convolution layer with Max pooling layer, in layer 5, 256 filters are 

used in convolution layer, in layer 6, 256 filters are used in convolution layer, in layer 7, 256 filters 

are used in convolution layer with  Max pooling layer, in layer 8, 512 filters are used in convolution 

layer, in layer 9, 512 filters are used in convolution layer, in layer 10, 512 filters are used in 

convolution layer with Max pooling layer, in layer 11, 512 filters are used in convolution layer, in 

layer 12, 512 filters are used in convolution layer with Max pooling layer, in layer 13, 512 filters 

are used in convolution layer with Max pooling layer, in layer 14, 4096 nodes are connected fully, 

in layer 15, 4096 nodes are fully connected with Max pooling layer, in layer 16, Finally 1000 nodes 

are connected with the output layer  which is activated with “softmax”. This model has four 

different layers called convolution layer, max-pooling layer, fully connected layer at the end and 

one “softmax” layer and all of these have their own size. Overall this pre-trained model has a total 

of 16 layers. In our work, the VGG16 model is configured as D. This model achieves 7.5% in top-

5 error on ILSVRC (2012) Val and 7.4% in top-5 error on ILSVRC (2012) test. 

 

Fig. 6.2.1.1: VGG16 model’s architecture at image level 
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6.2.2 Image Net 

It is an image dataset which is used to pre-train the model like VGG16. Classifying image on 

ImageNet achieved a high-level accuracy in recent days. It helps to classify the pre-trained model. 

ImageNet has become a reference in the area of computer vision. 

AI history has been transformed by the start of a deep learning revolution that is anchored by the 

October 2012 ImageNet victory. 

6.3 LSTM  

Long short-term memory (LSTM) is used in the area of deep learning. It is recurrent neural 

network (RNN) architecture. It can process individual data points as well as sequential data. Here 

individual data points can be referred to as images and sequential one can be referred to as speech 

or video. 

These networks are suitable for classifying, processing and predicting based on data. In the area 

of a sentence language model, long short term memory predicted the next word in a sentence. 

Basically the LSTM is trained to predict the possible next word or value of any sequence. In a 

normal sense, it is like showing a person a sequence of images and asking to keep in mind the 

details. After a while show them a new picture that has a similar feature to the previous pictures 

and then ask for recalling the feature. This “recalling” and “remember” task is done by the LSTM 

network. CNN network is used with this LSTM model.  The following figure illustrated the process 

of the LSTM model. 

 

Fig. 6.3.1: LSTM model 
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6.4 Conditional Language Model 

(LMs) Language Models estimate the correlative likelihood of various phrases. It is useful in 

different types of Natural Language Processing applications. It is the probability to a sequence of 

words. 

Conditional language model is one kind of language model that assigns probabilities to a sequence 

of words given some conditioning context (a): 

p(wn | a, w1  , …, wn-1) 

6.5 Proposed Model 

In this paper, we have introduced image-captioning methods in Bengali language based on deep 

learning. To achieve better results, we have proposed a model, merged with the LSTM layer and 

the second last layer of the VGG16 model with a dense layer.  

The main task is to encode the input image and decode from the mapping, one word at a time. In 

order to learn output sequences, first LSTM takes a special token, <startseq>, and then generates 

the next word to the nth sequence. 

 

Fig. 6.5.1: Structural diagram 
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Sequence to sequence words will generate for an image. Those words will be concatenated to the 

end of each sequence. During this training session, <endseq> token is concatenated to the end of 

each sequences and the model returns a sentence for a particular image. 

 

 

Fig. 6.5.2: Model Architecture 

Fig. 6.5 illustrates our model architecture. Here we used a language model to predict words, next 

in the sequence of partial caption. At first, we created a language model from the captions we have. 

The work of this model is to train Bengali grammar and generate Bengali captions. For the training 

purpose, we gave some sentences and also a vocabulary list to the language model. So that it can 

learn how to generate a sentence from the given vocabulary. After that, we add image vector on 

that model. By using the VGG 16 model the machine takes a predictable object from the image 

vector. This model will generate captions based on the most predictive value. Our model is able to 

generate captions without mapping. 
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CHAPTER 7 

Result Analysis 

7.1 Overview 

In this section, we evaluated our work in different scenarios and analyzed its acceptability and 

accuracy of our expected result. First, we described the Experimental setup of our work. Then we 

described the result analysis and showed how it holds up against existing solutions. 

7.2 Experiment Setup 

First of all, the whole experiment is implemented with the python deep learning library: Keras. 

After collecting a massive amount of data, it is used as a training dataset, validation and testing. 

We used merged with Long Short Term Memory (LSTM) layer and the second last layer of Visual 

Geometry Group (VGG16) model with a dense layer. After the machine has been trained with the 

training dataset, our proposed model has been compiled to generate the captions. This time a little 

amount of dataset is given to the machine to test whether the machine can make captions from its 

prediction level. No captions were given before for those datasets. The trained machine generates 

new captions by detecting objects and mapping words form Vocabulary. As a result in most cases, 

the machine is able to generate appropriate captions. But it also generates some inappropriate 

captions. 
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(a) নীলকাশেরননশেনীলসমুশেরতীশরনকছুসাম্পানশনৌকাওমানুষআশছ(Under the blue sky, there are some sampan 

boats and people on the shores of the Blue Sea) 

 

(b) নবকেরেচুনরপানারমাকেসানরসানরনিনিকনৌোনিকেরাস্তাবানাকনাহকেকছএবংকসইরাস্তানিকেমানুষজনকনৌোেচকেনবেপারহকে(The road is made with  

cockleboat in the middle of the water hyacinth of bill and people are passing the bill by 

riding the boats) 

 

Fig. 7.2.1: Human captions from the training set 
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Fig. 7.1 describes two images that are captioned by humans. Now if we need to generate a caption 

of an image from the machine then the machine will predict the word from the vocabulary list by 

mapping with the trained image and sequentially generate one by one word as a sequence of output 

for that image.  

Let's have a look at the auto-generated caption of the image provided by the machine. As shown 

in Fig. 7.2, the machine-generated a caption by predicting some specific words. This automatic 

generated caption is relevant to the given picture. 

 

নদীশতঅশনকনিনিশনৌকােলশছএবংশনৌকায়মানুষেশেশছ 

(There are many cockleboats on the river and people are riding on the boat) 

Fig. 7.2.2: Automatic generated captions 

7.3 Result Analysis 

Machine learning was developed widely, especially in the field of photography. After complete 

training, the proposed model generates an appropriate caption that makes sense. Those captions 

can explain the scenario of the given data. Our proposed model also generates two graphs that can 

capable to explain not only the model accuracy but also the model loss. In this section, we 

mentioned some appropriate examples and the generated graph by the proposed model. 
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(a) Blue sky and sailboat in the river and mountains far away 

 

(b) In the afternoon, boats are running in the river 

 

The man stood with an umbrella on his head 

Fig. 7.3.1: Example of an appropriate generated caption by our proposed model 
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Nowadays, computer vision in some areas is so much fascinating. This can be trained to manage 

in a smoother way. And the captions are more appropriate and sharper than before. After training, 

our result showed 78.26% accuracy on this model. And it generates a graph. If we add more images 

as input, then the accuracy level will be growing up. Then we can achieve more accurate captions 

from a trained machine. Fig. 7.3 shows an appropriate result. Fig. 7.4 (a) shows the accuracy level 

which is increased on the other hand Fig. 7.4 (b) shows that the model loss is decreased. Generated 

graphs are given below- 

 

Increasing accuracy level 

 

● Decreasing model loss 

Fig. 7.3.2: Accuracy and loss factor of our proposed model 
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Table-7.1 shows the outcome of our model. It shows the performance test of our model. 14000 

images are used as input for testing the trained model. As we have used multiple captions, so the 

bleu score was calculated for 48000 sentences. The blue scores that are shown here are for four 

individual images. This value may change due to caption variations. Although the score is not 

perfect, the generated captions are almost accurate. And Table-7.2 shows the result of our sequence 

to sequence model.  

Table-7.1 BLEU score 

BLEU-1 1.007335 

BLEU-2 1.285642 

                    BLEU-3 1.328882 

                    BLEU-4 1.492646 

 

Table-7.2 Accuracy (%) of our model 

Model Type Measure (%) 

Sequence to sequence Model 78.26 

 

The result has been generated by the following equation.  

Accuracy = 100- loss (a,b) 

Loss (a,b) = ∑  a log(b )                         

 Here, a= Human caption 

           b= Generated caption 
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CHAPTER 8 

Conclusion 

8.1 Discussion 

Image captioning is performing a major role in different social platforms. People can easily 

understand the story if it is presented in their own language. And hence, we have proposed a model 

for captioning images in Bengali Language. Though there is an existing work [1] on this topic but 

our proposed model gives us a good result and better accuracy with the requirement of less 

memory. To do so, we have merged the LSTM layer and the 2nd last layer of the VGG16 model. 

Then we have used a dense layer. To evaluate our model, we have used various data sets from 

different sites and we have achieved a better result. Since we have taken the image of different 

angles as data, we have been able to collect varieties of data.  In this sense, we will be able to 

measure the performance of different models by adopting this approach in our future work. 

8.2 Future Work 

We will increase our dataset for better performance. We will write 1, 00,000 captions for the future 

work. To get more accurate performance, we will use beam search instead of greedy search and 

also increase the level of unique words.   
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