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Abstract 

The data representation models play an important role in the system requirements analysis, preliminary 

design and detailed design aspects. It is particularly important when making communication and 

discussion, analysis and design of algorithms. Automatic generation of natural language description for the 

hand-drawn image of data representation models will be a very important practical significance. It allows 

the people to easily understand the complicated data representation models. In this paper, first the 

geometric shapes which are the objects in the image is identified using Contour Approximation algorithm 

and Canny Edge Detection algorithm with OpenCV. The Contour approximation algorithm results in 

approximated curve that consists of a subset of points that were defined by the original curve. This 

algorithm is commonly known as the Ramer- Douglas Peucker algorithm, or simply the split-and-merge 

algorithm. The Canny edge detector is an edge detection operator that uses a multi-stage algorithm to detect 

a wide range of edges in images. The automatic generation of natural language description of these 

respective hand-drawn images of data representation models are generated by using an application of NLP 

called the Optical Character Recognition (OCR) algorithm and a set of predefined words. 
 

1. Introduction 
 

Data representation models play an important role in the system requirements analysis, preliminary 

design and detailed design aspects. It is particularly important in making communication and discussion, 

analysis and design of algorithms. One among the data representation models that is being focused in this 

paper is the hand-drawn flowchart. A flowchart is in reality a graphical illustration of steps. It shows steps 

in sequential order and is extensively used in imparting the go with the flow of algorithms, workflow or 

processes. Typically, a flowchart shows the steps as geometric shapes of various kinds, and their order via 

connecting them with arrows. Flowcharts is a popular approach for describing computer algorithms and 

the various notations used to describe the various steps involved are Terminator, Process, Decision, Data. 

A terminator is elongated circles, which signify the start or end of a process. A process is a rectangular 

flow chart shape indicating a normal process flow step (instructions or actions). A decision is diamond 

flow chart shape indicating a branch in the process flow or the decisions that must be made. A data is a 

parallelogram that indicates data input or output (I/O) for a process. Digital images generally contain 

repeating features or patterns that can be translated into meaningful data [Jangid2016]. This led to the 

development of a field in image processing known as feature extraction. Simple features that can be 

detected are like edges, blobs, corners, lines, curvatures and ridges. More complex algorithms are there to 

extract shapes such as rectangles, triangles and circles. In this paper, the geometric shapes which are the 

objects in the image is identified using Contour Approximation algorithm with OpenCV. The Contour 

approximation is predicated on the assumption that a curve can be approximated by a series of short line 

segments. This leads to a resulting approximated curve that consists of a subset of points that were defined 

by the original curve. Contour approximation is actually already implemented in OpenCV via the 

cv2.approxPolyDP method. The Canny edge detector is an edge detection operator that uses a multi-stage 

algorithm to detect a wide range of edges in images. The Canny edge detection filter is an edge detection 

operator which uses a multi-level detection system, used to detect a wide variety of edges within the image. 

The Canny filter is basically called as a multi-stage edge detector. It makes use of a filter based totally on 

the derivative of a Gaussian so as to compute the intensity of the gradients. The Gaussian filter reduces the 

effect of noises present in the image. Automatic generation of natural language description for the images 

of data representation models will be of important practical significance. The complicated data 

representation models can also be explained and understood easily. In recent years, with rapid development 

of artificial intelligence, 
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automatic generation of natural language description has gradually attracted the attention of many 

researchers in the field of artificial intelligence and has become an interesting and arduous task 

[Wang2020]. Automatically generating natural language descriptions according to the content observed in 

an image, is an important part of scene understanding, which combines the knowledge of computer vision 

and natural language processing. The application of automatic generation of natural language description 

is extensive and significant, for example, the realization of human-computer interaction. An application 

for this is “The Byju’s Learning App”. The main advantage of applying the system is that, it generates the 

brief description about the images of flowchart that is given as input, and tries to focus on the principle 

key points and helps the students to easily capture the important information and essential introduction. 

The paper is organized in following structure: Innovations and experimentation related to this area are 

briefed in Section 2. Section 3 discuss about the proposed framework along with architecture and its 

workflow. Section 4 details the discussion of the result and concludes the work in section 5. 

 

2. Related Works 

 

In 2016, proposes a review of some geometric shape detection methods which are accumulated and 

presented [Jangid2016]. Circle, rectangle and triangle features are found in man-made surroundings 

frequently. Most approach evolved for regular geometric shapes are based on artificial images. Geometric 

shape detection methods based totally on Hough transform, based on intelligent method and detection with 

the aid of geometric assets reviewed. 

 A shape detection technique studied referred to as Otsu’s threshold algorithm to distinguish basic shape 

such as circle, square and triangle in the given input picture through simply employing computer vision 

techniques [Choon2012]. This approach makes use of compactness as the shape indicator in which the 

compactness for circle is fixed from 1 to 14, square’s compactness is in range 15 to 19 and triangle’s 

compactness is from 20 to 40. 

A new approach of shape recognition from the tactile images by way of touching the aspect of various 

actual lifestyle objects presented [Bhattacharyya2012]. The geometric shaped objects like planar surface, 

item with one edge, a cubical object that is item with two edges and a cylindrical item are used for shape 

recognition. The excessive strain regions denoting surface edges had been segmented out via multilevel 

thresholding. These excessive strain areas received were unique to one-of-a-kind object classes. Some 

regional descriptors were used to uniquely describe the high strain regions. These nearby descriptors have 

been employed as the features wanted for the classification purpose. Linear Support Vector Machine 

(LSVM) is used as a shape classifier. 

 A technique based on global form for object class identification in images [David2008]. A distance 

degree for elastic shape matching is derived, that is invariant to scale and rotation, and sturdy in opposition 

to nonparametric deformations. Starting from an over-segmentation of the image, the space of capacity 

object barriers is explored to discover obstacles, which have excessive similarity with the shape template 

of the object class to be detected. An enormous experimental assessment is presented. 

The challenges that might emerge in OCR stages studied [Hamad2016]. Secondly, reviews the overall 

levels of an OCR system including pre-processing, segmentation, normalization, feature extraction, 

classification and post-processing. Then, highlights the developments and principle applications and uses 

of OCR and a brief history of OCR. Therefore, provides a totally comprehensive review of the present day 

of the field. 
 The idea of the recovery of stroke width for text detection presented [Epshtein2010]. Notion of a stroke 

is defined and derives an efficient algorithm to compute it, producing a new image feature. It provided a 

feature once it is recovered which further has proven to be reliable and flexible for text detection. The SWT 

combines dense estimation (computed at every pixel) with non-local scope (stroke width depends on 

information contained sometimes in very far apart pixels). 

 

3.  Proposed System 

 

In this section we propose a permissioned framework for the automatic generation of natural language 

description for the images of data representation models. 

 

A. System Architecture 

 

We propose Contour Approximation algorithm and Edge Detection algorithm with OpenCV for shape 

identification from the images of data representation models. After detection of shapes, the detection of 

arrows is done accordingly, i.e. which entity is connected to which entity. In this paper, after the detection 

of arrows, the shape with text is sent into OCR where the OCR consists of a predefined text dataset with 
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printed characters. Therefore, the output obtained from this is words. The algorithm used is python tesseract 

with OpenCV. These words are mapped with the corresponding geometric shapes in order to recognize the 

shape with the word in it. In the system, a set of predefined words will be used to connect the recognized 

text within the shapes in order to automatically generate meaningful description. The system architecture 

is shown in Fig.1. 

 

 

 

 

 

 

 

 

 

                                             

Fig.1.System Architecture 

B. Shape Identification 

 

 The input of the pipeline is an image of a flowchart in .png format.  
 First convert the RGB input image into grey-scale image.  
 Then extract the features - contours, edges of the geometric shapes [Agarwal2013] from the 

grey-scale image of flowchart using Contour approximation algorithm and Edge detection 

algorithm with OpenCV.  
 Contour approximation is built where a curve is approximated by a group of line segments.  
 This results in approximated curve that consists of a subset of points.  
 Contour approximation is done in OpenCV by using the function cv2.approxPolyDP. 
 Canny edge detection algorithm is used to extract and recognize the edges of the image of 

shapes. 
 After the feature extraction, the objects in the input image are recognized. 

 

Contour Approximation algorithm: Contour approximation is literally an algorithm, that is basically 

used to reduce the number of points in a curve with a set of reduced points. This is referred to as 

approximation and therefore termed as the Ramer-Douglas-Peucker algorithm, or the split-and-merge 

algorithm. Contour approximation is defined as the method where a curve can be approximated by a group 

of short line segments. This results to an approximated curve that consists of a subset of points. Contour 

approximation actually in OpenCV uses the function cv2.approxPolyDP. In order to perform contour 

approximation, first computes the perimeter of the contour. The values for the second parameter to 

cv2.approxPolyDP range 1-5% of the original contour perimeter. It is important to understand that a 

contour consists of a list of vertices. For example, if the contour approximated has three vertices, then it 

must be definitely a triangle which is of three sides. 

If there are four vertices for a contour, then it must be either a square or a rectangle. To determine 

which, the aspect ratio of the shape is computed, which is simply the width of the contour bounding box 

divided by the height. If the aspect ratio is approximately equal to 1.0, then it is a square (since all sides 
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have approximately equal length), else the shape is definitely a rectangle. If a contour has five vertices, it 

is a pentagon. Otherwise, by process of elimination, the assumption is that the shape is a circle. Based on 

the contour approximation, the number of vertices in each shape is examined. Given the vertex count, it is 

able to accurately label each of the shapes. 

 

C. Text Recognition using OCR 

 

Optical Character Recognition algorithm (OCR) is used for the recognition of text [Charles2017]. 

Basically, in OCR algorithm the block of text is sent to the text detection process. These blocks of text is 

segmented into single character to form a word.  

Image acquisition: OCR scanner acquires the images and replaces each pixel in an image with a black or 

a white pixel.  
Preprocessing: The noise degree on an image need to be optimized and areas outdoor the textual content 

removed.  
Segmentation: Segmentation groups the characters into meaningful chunks.  
Feature extraction: Feature extraction splits the input data into set of features and each character get 

classified in a particular class.  
Training a neural network: Once all the features are extracted, they can be fetched to a Neural Network [7] 

to train it to recognize the characters. 
Post processing: is process of refinement, as an OCR model requires a few corrections. 

Text Recognition (OCR) using Tesseract and OpenCV: Python-tesseract is an optical character 

recognition (OCR) [Bhasin2012] device for python. That is, it understands and examine the text 

[Bhadu2012] embedded in images. It is also beneficial as a stand-on my own invocation script to tesseract, 

as it could study all image sorts supported via the Python Imaging Library, whereas tesseract-ocr through 

default only supports tiff and bmp. Additionally, if used as a script, Python-tesseract will print the 

diagnosed textual content in place of writing it to a file. It helps a wide form of languages. Tesseract would 

not have a built-in GUI, but there are several to be had from the third-party page. Tesseract is well matched 

with many programming languages and frameworks through wrappers. It is used with the prevailing format 

evaluation to understand textual content inside a big document, along with an external textual content 

detector to recognize textual content from a photograph of a textual content line. Text of arbitrary period 

is a series of characters, and such troubles are solved the use of RNNs and LSTM is a popular shape of 

RNN. Recurrent Neural Network (RNN) is a conjecture of feed-forward neural network where it has an 

internal memory. RNN is recurrent in nature as it plays the identical characteristics for every input of data 

as the output of the current input data relies upon the past computation. After generating the output, it is 

far copied and sent again into the recurrent network. For creating a decision, it considers the current input 

and the output that it has discovered from the preceding input. RNN can use their internal state (memory) 

to produce sequences of inputs. This makes them relevant to tasks with unsegmented, connected 

handwriting recognition or speech recognition. In other neural networks, all of the inputs are independent 

of each other. But in RNN, all of the inputs are associated with every other. Advantages of RNN are it can 

model series of statistics so that each sample can be assumed to be dependent on previous ones and are 

even used with convolutional layers to increase the powerful pixel neighbourhood. Long Short-Term 

Memory (LSTM) networks are a modified version of recurrent neural networks, which makes it simpler to 

not forget the past statistics in memory. The vanishing gradient hassle of RNN is resolved. The main job 

of LSTM is to classify, and predict time series in given time lags of unknown duration. Back-propagation 

is the method used to train this particular model. 
 

D. Natural Language Description generation of the image 
   

In the system, a set of predefined words will be used to connect the recognized text within the shapes 

in order to automatically generate meaningful description. 

 

4. Results and Discussions 

 

For better image understanding, more precise and detailed object recognition is needed. One of the 

major problems with the existing geometric shape recognition algorithms is the low recognition rate and 

performance rate. In this system, first identified geometric shapes which are the objects in the image is 

identified using Contour approximation algorithm with OpenCV which outperforms the Hough Transform. 

Secondly, the text recognition from the images of data representation model is done using OCR algorithm. 

Finally, automatic generation of natural language description for the respective images of data 
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representation model are generated using a set of predefined words. There is no significant work in this 

area has been carried out in the existing system. 

A user-friendly Graphical User Interface (GUI) is associated with the system to make it simple for the 

user to operate the system which is shown in Fig.2. 

 

 
  

 

 

 

 

 

                                                Fig.2. GUI 

 

 

Fig.3. Recognition of geometric shapes and text with each geometric shape 

A user can choose the hand-drawn flowchart, then it will convert this flowchart into real flowchart by recognizing 

each geometric shapes and text within each shape accordingly in Fig.3When the system task will continue then 

the progress-bar will appear as shown in Fig.4. 
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                                              Fig.4. Progress-bar 

 

 

 

 

 

 

Fig.5. Automatically generated Description for the recognized image 

 

 

 

 

 

 

 

 

 

Fig.6. Description generated saved in word file 

The description for the recognized image will be generated automatically as shown in the Fig.5. The system 

directly sends the generated description to word file and save accordingly as shown in Fig.6. so that the user 

can edit in it at any time. After finishing the task, a simple notification will be given that the task is finished 

as shown in Fig.7. 
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Fig.7. Notification of task is finished 

 

 

5. Conclusion 
 

Automatic generation of natural language description for the image of data representation models will be 

of important practical significance. It allows the people to easily understand the complicated data 

representation models. In my approach first the geometric shapes which are the objects in the image is 

identified. Secondly, the text recognition from the images of data representation model is done. Finally, 

automatic generation of natural language description for the respective images of data representation model 

are generated. 
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