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Abstract— With use of natural language processing(NLP) and computer vision(CV) the problem 
of identification of contents of an image is solvable using artificial intelligence. In this paper, a 
generative model is presented which uses a deep recurrent architecture that combines recent 
advances in machine translation and CV which is used to generate natural sentences describing 
an image. An image caption generative model is created using Convolutional Neural Networks 
(CNN) and Long short term memory (LSTM) which uses different techniques of CV to 
understand an image's context and describe it in a manner native to English. For training 
purpose, the Flicker8K [17] dataset is used. It consists of 8000 unique images. Caption generation 
is one of the interesting areas of Artificial Intelligence that has many challenges. After generating 
the caption, it is converted into audio format. The result shows that the designed system is 
providing promising results w.r.t caption generation. 
 
Index Terms— Computer vision, Convolutional Neural Networks, Long short-term Memory. 

I. INTRODUCTION 

It is difficult to automatically describe the content of images using natural languages. Image caption generation 
uses CV and NLP ideas for identifying an image's environment and describing it in English. It is useful for 
generation of textual description of an image. The approach may produce an English sentence explaining the 
content of an image when given an input of an image. Image caption, generates descriptions of an image based on 
the content present in an image and displays using natural language, it is an essential part of scene understanding. 
Today, we encounter a large number of information available in form of images from various sources such as 
advertisements, internet, document diagrams and news articles. Most images do not have a description, viewers 
would have to interpret the meaning of such images on their own, although without their in-depth captions, a 
person may grasp them in considerable part.  However, if people require automatic image captions from the 
machine, it must understand some kind of image captions. 
There are various applications of this system such as it is useful for visually impaired persons by adding voice 
based description of generated caption, it might aid persons who are blind in better grasping the meaning contained 
in images. It can be done by first converting the image into text and then to voice. It might deliver more precise 
and condensed information of photos and movies in scenarios such as video surveillance systems or image sharing 
in  social  networks .  Social  media  platforms  like  Instagram, Facebook  can  conclude  directly  from   the  image  
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uploaded by the user. The answers for questions like what you are doing (in a way), what you wear (color), where 
you are (beach, cafe, etc.) can be easily answered by providing images or photos. Automated captioning could 
make Google Image Search as excellent as Google Search by automatically turning every image into a caption 
before the search is conducted using the caption. 
The proposed system uses an image as an input and generates output in the form of English text and audio. For 
this purpose, it uses deep learning and NLP. In terms of accuracy this system works well to identify the correct 
image captions. The text to audio conversion system is useful for blind persons to identify scenarios going on 
based on the images. This system will also be useful in creating summarized data from several images and pass 
this data for other applications for processing purpose such as creating videos, short story making, streaming 
analysis etc.  

II. LITERATURE SURVEY 

This research [1] focuses on detection, recognition and generation of captions for a given image using deep 
learning techniques. For this purpose, Regional Object Detector (ROD) is used. The experiments are conducted 
on the Flickr 8k dataset and it provides promising results in terms of accuracy. 
This paper [2] introduces caption generation system using a combination of stochastic gradient Markov chain 
Monte Carlo and recurrent auto encoding variation which is based on recurrent neural network (RNN). This model 
improves a conventional RNN-based language model by considering within-sentence word dependencies and 
temporal transitions between sentences. Result shows that the developed model outperforms well and creates 
different sentences and paragraphs that are syntactically and semantically correct and similar. [2] [22] 
The proposed method [3] uses deep recurrent architecture which combines advances of CV and machine 
translation. Experimentation is carried out on several datasets which shows that the model generates caption with 
higher accuracy and the fluency of the language it learns solely from image description. 
In this research [4] three different image captioning models based on deep neural network are considered such as 
CNN-CNN based, CNN-RNN [20][21] based and Reinforcement-based. All these models are tested for common 
dataset to compare its accuracy. The results show that all the model outperforms well with respect to accuracy and 
can be applied for automatic image description. [4] 

III. PROPOSED SYSTEM 

The proposed system starts with uploading of an image. To generate the captions, the Convolutional Neural 
Networks (CNN) and Long Short Term Memory (LSTM) algorithms are used. The Xception model based on CNN 
is used to extract features of an image which is trained using ImageNet [18] dataset and then the output passed 
into the LSTM model which generates the captions of an image. After generation of an image caption the audio is 
generated using python library. The proposed system is shown in figure 1. 

 
Figure 1. Architecture of Image caption generation system 

The sub tasks involved in the proposed system are given below. 
 Uploading of an Image: This step contains selection of appropriate image whose caption need to be generated. 
 Data Pre-processing: The data set which contains images and its respective descriptions which will be used 

further at the time of training, in this step the available descriptions are cleaned i.e. removal of punctuation’s, 
conversions of a caption into lower case letters, removing numbers from text these tasks are performed. This 
step also contains removal of all unique words from available descriptions and vocabulary creation. At the 
end it creates list of vocabulary and stores in a file. 

 Extracting the features from all images: With help of Xception model, image features are extracted from all 
the images and every image is mapped with its name and corresponding feature array. 

 Loading data set for Training the model: In this step the data set of images along with its features generated 
in the previous step and its descriptions will be loaded which will be used further in model training. 
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 Vocabulary tokenizing: Computers cannot understand English words directly, so for every vocabulary word 
a unique index number is assigned in this step. 

 Creating a Data generator: A generator method is used to create different batches, to store huge amount of 
data in form of image features, vocabulary etc. 

 Defining the CNN-RNN model: With a dense layer, the extracted features from an image has a size of 2048 
and reduced the dimensions to 256 nodes. To handle the textual input in embedding layer a sequence processor 
is used, followed by the LSTM layer. The Decoder is used to make the final prediction processed by the dense 
layer by combining the output from the two layers above it. The total number of nodes in the final layer are 
equal to our vocabulary size. 

 Training and Testing the model: As part of model training, the 6000 training images are used by generating 
the input and output sequences in batches and model is trained. After training, the testing images are used to 
test the model accuracy, which loads the model and generates predictions. The predictions contain the index 
values of max length these predicted values are compared with the previous assigned index value stored in a 
file during pre-processing step. 

 Generation of audio: After Generating text caption, the audio is generated audio for the same with python 
inbuilt library pyttsx3. 

IV. RESULT ANALYSIS 

To perform the experimentation and to train the model, an ImageNet [18] dataset is used. 
This dataset consists of 8000 images and corresponding image captions. Every image contains 5 captions which 
are numbered from 0 to 4. These images and captions are used to train our system. After completion of training, 
some images are used to test the accuracy of our proposed system. The figure 2 shows image uploading and 
corresponding captions generated by the system. 
After performing testing of our model the accuracy recorded is 66 percent. The accuracy is totally dependent on 
the quality of an image. The figure 3 shows variation of result based on quality of image. For blurry images the 
corresponding generated captions are totally wrong, while for good quality images the captions generated by our 
model are more accurate. 

 
 

Fig 2: Image caption generation system 

The table 1 and figure 4 shows the amount of time required to generate the captions after uploading of an image, 
it also includes the amount of time required for pre-processing of data. The statistics shows that time is dependent 
on size of caption and hardware type used. 
The table 2. Shows accuracy of caption generation w.r.t. size of an image. The table shows image size (in pixels) 
and corresponding accuracy achieved by algorithm after training on images with given sizes. The result shows that 
based on size of an image it can be concluded that as size of image increases, the accuracy achieved in detecting 
captions also increases. To detect more accurate captions image size should be more than 224*224.  
Table 3. shows that relationship of model accuracy for generating captions w.r.t. no of objects in an image. The 
objects in an image is nothing but persons, stationary objects like pole, big obstacles, lake, pond, flowers etc. If an 
image contains less number of objects, then the testing accuracy of caption generation is more. If objects in an 
image are more then caption generation accuracy decreases.  
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Fig 3. Quality of Image: Accuracy decreases for blurry images 

TABLE.I. TIME REQUIRED FOR GENERATION OF IMAGE CAPTIONS           TABLE.II. IMAGE SIZE VS ACCURACY OF CAPTION GENERATION. 
 
 

  
 

Fig 4. Word length and required Time(s) 

TABLE.III. NO OF OBJECTS IN AN IMAGE VS ACCURACY OF CAPTION GENERATION 

 

 

 

 

 

Image caption 
word length 

Time(s) 

 5 0.45 
7 0.69 

8 0.75 
9 0.85 
10 0.96 
12 1.20 

15 1.43 
20 2.20 

Image size (in 
pixels) 

Accuracy 
(in%) 

72*72 74.24 

144*144 78.42 

144*288 75.29 

224*224 85.41 

288*576 85.60 

300*300 88.42 

No of objects 
in an image 

Accuracy 
(in%) 

2 88.45 

3 87.56 

4 82.36 

5 80.14 
6 74.20 
7 72.15 
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V. CONCLUSION 

The proposed image caption generation system is based on deep learning and CNN-LSTM model. The system 
automatically detects the objects in the images and generates descriptions for the images in text as well as in audio 
format. The result shows that the system generates descriptions in more accurate way and it is totally dependent 
on quality of an image. The time required to generate the descriptions is also very less and it is also dependent on 
description of an image. As part of the future work, the system can be extended and used for saving the browsing 
history. This system can be used by visually impaired people independently, for this purpose it need to be deployed 
on braille system hardware. 
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