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Abstract—Right from the very beginning, the text has vital 
importance in human life. As compared to the vision-based 
applications, preference is always given to the precise and 
productive information embodied in the text. Considering 
the importance of text, recognition, and detection of text is 
also equally important in human life. This paper presents a 
deep analysis of recent development on scene text and 
compare their performance and bring into light the real 
modern applications. Future potential directions of scene 
text detection and recognition are also discussed. 
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I. INTRODUCTION 

Vision-based application is an excellent source of 
information for human-computer interaction [1], image 
search [2], and robot navigation [3]. In general, 
information becomes more beneficial to human beings 
when embodied in the text, especially to access and 
utilize textual information in images and videos. The 
textual information presented in videos and images can 
be studied by detecting and recognizing text. Also, 
reading and localizing text in natural scenes are not quite 
easy tasks. Some common challenges associated with the 
scene text detection are complexity, interference, 
diversity, noise, and distortion [4]. Scene text detection 
and recognition process involve five steps overall that are 
text detection, text localization, text tracking, 
segmentation, and text recognition. The main objective 
of text detection and text localization is to create a 
bounding box around the text appearing in image or 
video. The data flow diagram for the basic text detection 
and recognition system is presented in Fig. 1. 

Complex backgrounds are difficult to detect and 
recognize. Sometimes a written text in the regular font 
on complex backgrounds becomes unreadable, as shown 
in Fig. 2. Some examples are natural scenes, including 
bricks and grass, in the background. Interference factors, 
including non-uniform illumination, noise, low-
resolution images, blur backgrounds or text, and 
distortion, create challenges for scene text detection and 
recognition. Scenes text detection and recognition are not 
tricky if font styles and sizes are the same in the 
document. However, in the presence of different font’s 
sizes, fonts, scales, and colors, detection and recognition 
process takes time and sometimes comes up with the 
wrong outcomes. It has been observed that sometimes 

images are blurred, and there is too much noise as well 
as a distortion in the image, which means that it is hard 
for the detection technology to detect and recognize 
correct text from the images. If the process has to be 
more advanced in this regard that it may also detect blur 
words with noise in the image, then various explorations 
of the process can be made, but still, it would remain to 
be a big challenge. The main challenge in text detection 
is developing a system which is able to deal with 
different conditions of text such as fonts, sizes, shading, 
lighting, and aliasing [5].  

Figure 1 : Illustration of the basic scene text detection and 
recognition process 

Figure 2 : Example of unreadable text image
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II. RELATED WORK

Several scene text detection and recognition methods 
have been studied with a focus on the multi-oriented and 
diverse text. Most of the work is application-specific, and 
there is still a need to work in developing domain-
independent systems. Dai et al. [6] present a scene text 
detection for multi-oriented text. This method contains 
three functions: feature extraction, feature fusion, and 
text prediction, which is based on Mask-NMS to obtain 
final results of text detection. Through flittered 
overlapped text by NMS mechanism, the platform 
conserved highest accuracy.  

Liao et al. [7] propose a scene text detector that is 
called Textboxes. This detector is trainable and fast. 
Also, it detects text with high accuracy and efficiency in 
a single network. Textboxes method has three tasks, 
which are text detection, word-spotting, and end-to-end 
recognition. This system has three datasets that are Synth 
dataset for pre-training, ICDAR 2011 (IC11) for 
evaluating, ICDAR 2013 (IC13) for training and Street 
View Text (SVT) for word spotting. Textboxes method 
cannot detect the multi-oriented texts. Bartz et al. [8] 
design a step towards semi-supervised neural networks 
for text recognition. They proposed using a single deep 
neural network for text detection and recognition. This 
network learns to detect text from images in a semi-
supervised technique. The experiment has three datasets, 
which are ICDAR 2013, SVT dataset, and French Street 
Name Signs (FSNS) dataset. The limitation of this 
approach is on detecting text in arbitrary locations in the 
images. 

Ma et al. [9] develop a framework based on Rotation 
Region Proposal Networks (RRPN). The proposed 
approach is built to detect arbitrary-oriented text from 
natural scene images. This framework used Rotation 
Region-of-Interest (RRoI) to classify a text region from 
a feature map. Experimental datasets are MSRA-TD500, 
ICDAR2013, and ICDAR2015. The performance of text 
detection of this system is effectiveness and efficiency. 
Moysset et al. [10] propose a system for analyzing a full-
page document. Murder dataset was used for French and 
English languages. A 2D-LSTM based recognizer is 
improved by adding the label of End-of-line (EOL). 
Also, this recognizer is trained with CTC alignment. Liu 
et al. [11] combine the two tasks of text recognition and 
detection as one process, through using RoIRotate 
operation. Their platform uses evaluation benchmarks, 
which are ICDAR 2015, ICDAR 2017 MLT, and ICDAR 
2013 datasets. Also, their study is focused on developing 
a real-time oriented text recognition system on ICDAR 
2015. Bai et al. [12] propose a new technique that is 
called edit probability. The researchers approved that an 
EP method can effectively control both misalignment 
problem and missing characters.   

Deng et al. [13] introduce a detection algorithm called 
PixelLink. The main idea of PixelLink is based on 
instance segmentation, by linking pixels. The 
segmentation-based method can effectively detect better 
than regression-based methods. Li et al. [14] solve two 
problems of text detection, texts with arbitrary shapes 
and text that are very close to each other. They proposed 

a segmentation-based detector called Progressive Scale 
Expansion Network (PSENet). The datasets for 
evaluation that have been used are ICDAR 2015, ICDAR 
2017 MLT, and SCUT-CTW1500. This method is robust 
for arbitrary shapes text and texts that are close to each 
other. This method is robust for arbitrary shapes text and 
texts that are close to each other. The following section 
has more significant studies of recent researches that 
have conducted this direction of study. 

III. SIGNIFICANT IMPROVEMENTS STUDIES

This section produces more recent studies regarding 
text detection and recognition. Each of the selected 
studies made improvements in the field of text detection 
and recognition. Cheng et al. [15] propose a method 
known as FAN to observe the poor performance of an 
existing attention network method of scene text 
recognition on low-quality and complicated images. For 
comprehensive performance comparison, they compared 
the performance of text recognition of their method FAN 
with AN method. Fig. 3 illustrated the results of text 
recognition of FANand AN methods with green 
characters as correctly recognized characters.  They 
observed the effect of super-parameter λ value on the 
accuracy results on unconstrained benchmarks. Their 
method produced a higher performance with λ = 0.01 and 
increasing the ratio of pixel-labelled samples from 0 to 
30%. 

Figure 3 : The output of text recognition of FAN and AN 
methods [15] 

Tian et al. [16] present a new technique T2DAR in 
order to produce improved results on the performance of 
text detection and recognition from web videos by a 
unified framework based on text tracking. They used the 
video text dataset that is USTB-VidTEXT for assessment 
with sequence video frames. The result of their method 
is shown in Table 1. Their approach has some issues 
regarding text tracking when different text areas are 
assigned to one ID when the frames have similar 
locations, similar scales, and the same backgrounds. 

Borisyuk et al. [17] develop an optical character 
recognition system to process images at Facebook scale. 
Their approach based on Faster-RCNN to detect words, 



a fully-convolutional CNN, and CTC loss to improve the 
accuracy of word recognition. They used Levenshtein’s 
edit distance to solve the issue of misinformation about 
the incorrect transcriptions for measuring the 
performance during the evaluation step. The result is 
improved with lower edit distance, as shown in Table 2. 

Table 1 : Performance evaluation of T2DAR method [16]

Sequence name Precision Recall F-score

Curtains 0.5285 0.5531 0.5405 

Zippers 0.6158 0.6025 0.6091

Wood Box 0.5906 0.5892 0.5899 

Biscuit Joiner 0.7000 0.7007 0.7003 

Table 2 : Performance evaluation of Borisyuk et al. model 
[17] 

Model Training 
RelativeAc

curacy 
Edit 

Distance 

CHAR Synthetic +0.0% -0.0%

CTC Synthetic +6.76% -11.23%

CHAR 
Synthetic → 
Human rated 

+42.19% -67.01%

CTC 
Synthetic → 
Human rated 

+48.06% -78.17%

Liu et al. [18] report a new method DMPNet based on 
CNNs to address the issue of multi-orientation text and 
detect the text with tighter quadrangle with improving 
the recall rate. They solved the issue of background noise 
that occurs from a small threshold, which is decided 
using a quadrilateral sliding window. Also, recall and 
precision have been improved when the threshold 
reaches a higher ratio.This approach achieved 70.64% F. 
Fig. 4 presents the detected results taken from the test set 
of ICDAR 2015 challenge 4. 

Shi et al. [19] propose an end-to-end trainable 
framework CRNN that handles sequences recognition in 
arbitrary length without character segmentation nor 
normalization. They adopted rectangular pooling 
windows instead of the conventional squared ones to 
improve the recognizing step for English texts and 
characters that have narrow shapes. The performances of 
this model are remarkable in lexicon-free and lexicon-
based scene text recognition tasks. The recognition 
accuracy on IC03 dataset is 95.5%, as shown in Fig. 5. 
They recognized the impact of parameter δ in the 
accuracy, and larger δ results in more accurate lexicon-
based transcription. The CRNN method achieved the 
maximum accuracy of 97.6% based on text set from 
IIIT5k dataset. Shi et al. [20] report a text recognizer with 
the feature of automatic rectification to enhance the 
recognition of random text, perspective text, and curved 
text. The proposed system contains three techniques that 
are a spatial transformer network, sequence recognition 
network, and TPS transformation to adapt a sequence 
recognition approach. They solved the problem of 

recognizing test with very large lexicons and the time 
consuming that requires iterating over all lexicon words, 
through adopting an efficient search scheme. However, 
this model has an issue when the curve angles of the text 
are too large. The recognition result is demonstrated in 
Fig. 6. 

Figure 4: Experimental results of DMPNet [18] 

Figure 5 : Recognition accuracy of CRNN method [19] 

Figure 6 : Recognition accuracy of Shi et al. method [20] 

Krishnan et al. [21] develop a deep convolutional 
neural network based method for handwritten images 
recognition and word spotting. The evaluation based on 
IAM dataset and historical document. The issue of text 
and image representations lie close to each other has been  



solved by using the word attribute framework and 
embedding the label information into a commonly 
reduced subspace. The rate of performance on word 
spotting is 91.58% of mAP, and the mean word error on 
the word recognition is 6.69%. Fig. 7 presents recognized 
text with a few challenging of word images from the 
IAM dataset. 

Figure 7 : Word recognition results from Krishnan et al. 
method [21] 

Kumar et al. [22] present a study of recognition 3D 
texts that drawn by fingers and air writing through using 
Leap motion sensor. They increased the accuracy of 
words and characters detecting by using feature point 
extraction, cosine similarity and Ecludien algorithm. The 
accuracy of this 3D text recognizer is 86.88% and 
81.25% using BLSTM-NN and HMM classifiers. Word 
segmentation accuracy that has been achieved is 78.2%. 
Also, some text has not been correctly recognized 
because the writing style of each writer was different, 
and the words consist of single stroke only based on 3D 
space recorded, as shown in Table 3. They improved the 
word recognition rate by combining HMM and BLSTM 
datasets that involve some trajectories that are correctly 
recognized. Table 4 presents the recognition 
performance of HMM and BLSTM. 

Table 3 : Example of wrong transcription [22]

Table 4 : Recognition results [22] 

Zhong et al. [23] implement a novel unified 
framework DeepTextfor text region proposal generation 
and text detection based on a fully convolutional neural 
network. They applied the filtering algorithm and an 
iterative bounding box voting scheme, to remove 
redundant boxes for each text instance, also to enhance 

the performance of the text detection step. This approach 
uses Inception-RPN and a set of text characteristics to 
improve high word recall with hundred level candidate 
proposals. Table 5 shows the performances of this 
framework evaluated on CDAR 2011 and ICDAR 2013. 

Table 5:Performances evaluation ofDeepText method 
[23] 

Dataset Precision Recall F-score

CDAR 2011 0.85 0.81 0.83 

ICDAR 2013 0.87 0.83 0.85 

IV. BENCHMARK DATASETS AND PERFORMANCE

EVALUATION 

In this section, we explain the recently advanced 
datasets for text detection and recognition evaluating 
process. Comparison of the existing datasets with 
different factors is summarized in Table 6. The progress 
of recent algorithms in scene text detection and 
recognition has been achieved by the datasets and 
assessment processes in these fields. The main three 
metrics in performance evaluation of scene text detection 
methods are precision, recall and F-score. Precision is the 
ratio between the actual positives and all detections. The 
recall is the ratio between the actual texts that should be 
detected, while F-score is an accurate indicator of 
algorithmic performance. 

Table 6 : Benchmark datasets 

Dataset Annotation Orientation Language 

COCO-TEXT 
[24] 

Word Horizontal English 

EMINST [25] Handwritten 
Character 

Horizontal English 

MSRA-TD500 
[26] 

Text line Multi 
oriented 

English 

Chinese 

CTW [27] Text line Horizontal Chinese 

ICDAR2017 
[28] 

Word Multi
oriented 

Multi-
lingual 

TOTAL-TEXT 
[29] 

Word Curve English 

UBER-TEXT 
[30] 

Text line Horizontal English 

SVT [31] Word Horizontal English 

CHARS74K 
[32] 

Character Horizontal English 

Kannada 

Table 7 : Performance evaluation using Coco-Text [24]

Algorithm Precision Recall F-score

Lyu et al. [33] 61.9 32.4 42.5

Yao et al. [34] 43.23 27.1 33.31 

Liao et al. [35] 64 57 61



Coco-Text is a new large-scale dataset which is used 
detection and recognition of text in natural images. Veit 
et al. [24] evaluate Coco-Text dataset through three OCR 
algorithms A, B and C from their collaborators at 
Google, TextSpotter and VGG. The performances of 
different text detection methods evaluated on the Coco-
Text dataset are shown in Table 7. 

EMNIST is a dataset that consists of a set of 
handwritten character digits that are derived from NIST 
Special Database, and they are then converted to a format 
of 28x28 pixel image. Also, this dataset structure directly 
matches the MNIST dataset. EMNIST dataset contains 
two formats and six different splits. Baldominos et al. 
[36] review work contributions evaluated on the
EMNIST dataset for handwritten text recognition. The
performances of different text recognition algorithms
evaluated on the EMNIST dataset with maximum
accuracy score are presented in Table 8. . EASTR is
multilingual Arabic, English scene text recognition
dataset consisting of 42K text images [59, 60].

MSRA-TD500 database is released publicly to 
evaluate text detection algorithms for tracking text 
detection in natural images [26]. This database contains 
500 original photos which are captured from indoor and 
outdoor using a pocket camera. The training set contains 
300 images which are selected randomly from the 
original dataset, and the testing set contains the 
remaining 200 images. All the images are thoroughly 
annotated. The performances of different text detection 
methods evaluated on the MSRA-TD500 dataset are 
shown in Table 9. The two methods of Kang et al. [37] 
and Yin et al. [38] achieved significant performance in 
this database. Also, these methods have been used the 
clustering strategy for text line grouping to drive to this 
result. 

Table 8 : Performance evaluation using EMNIST 

Algorithm Accuracy

Ghadekar et al. [39] 97.74% 

Botalb et al. [40] 99.2% 

Peng et al. [41] 99.75% 

Singh et al. [42] 99.62% 

Santos et al. ]43[ 99.775%

Cavalin et al. [43] 99.46% 

Shawon et al. [44] 99.79% 

CTW is an extensive Chinese text dataset in the wild. 
While there were OCR in document images which were 
well studied and many commercial tools were available, 
but there was a challenging problem for detection and 
recognition of text in the natural languages, especially for 
some more complicated characters like Chinese text [27]. 
CTW is a newly created dataset of Chinese dataset which 
contains about one million Chinese characters from 3850 
unique ones annotated by experts in over 30000 street 
view images. This dataset includes 32,285 high-
resolution images, 1,018,402 character instances, 3850 
character categories, and six kinds of attributes. The 

character recognition accuracy for this dataset is top-1 
accuracy of about 80.5%, character detection at the 
percentage of 70.9% and text line detect (AED of 22.1). 
This dataset is publicly available along with the source 
code and trained models. 

ICDAR2017 dataset is a large multi-lingual text 
dataset that contains text scene images with nine 
languages. This dataset has 7200 training images, 1800 
validation images and 9000 testing images in this dataset. 
The performances of different text recognition 
algorithms evaluated on the ICDAR 2017 dataset are 
presented in Table 10. 

Table 9 : Performance evaluation using MSRA-TD500

Algorithm Precision Recall F-score

Kang et al. [37] 0.71 0.62 0.66 

Yin et al. [38] 0.71 0.61 0.66 

Yao et al. [26] 0.63 0.63 0.60 

Table 10 : Performance evaluation using ICDAR2017 

Algorithm Precision Recall F-score

Li et al. [14] 77.01 68.4 72.45 

Zhong et al. [45] 75 66 70

Lyu et al. [33] 74.3 70.6 72.4

Liu et al. [11] 81.86 62.3 70.75 

Synthetic word dataset is used for natural scene text 
recognition. It is a highly realistic dataset and sufficient 
to replace real data and gives us an infinite amount of 
training data [46]. TheSynth dataset has three models 
which are reading the words in an entirely different way 
of 90k-way dictionary encoding, the encoding of 
character sequence, and N-grams bag encoding. 
Jaderberg et al. [47] report the accuracy of their method 
performance that been evaluated by Synth dataset with 
95.2%. It is fast, simple, and requires zero data 
acquisition costs. For the applications like scanning 
printer generated a document, the synthetic text dataset 
may be useful. Uber-Text is also a large scale dataset for 
OCR. This open-source dataset contains street-level 
images which are collected from car-mounted sensors 
[30]. It contains up to 110k images of street-side images 
with their text region polygons and the corresponding 
transcriptions. The dataset is split in training, validation, 
and testing subset. 

SVT dataset is the abbreviation of street view text 
dataset. This dataset is taken from Google street view, 
and the images in this dataset are often in low resolution 
[48]. There are two characteristics which are noted in 
dealing with an outdoor street level image. One is that 
image text comes mostly from business signage, and the 
other is that business names are readily available through 
searching business geographically. These characteristics 
make this dataset more unique from different datasets. 
The performances of different text recognition 
algorithms evaluated on the SVT dataset are presented in 
Table11. The goal of SVT is to identify the words from  



nearby businesses. SVT dataset has only word-level 
annotations. It should be used for cropped lexicon-driven 
word recognition and full image lexicon-driven word 
detection and recognition. 

Chars74k dataset is used for character recognition in 
natural images. In this dataset, both the English as well 
as Kannada symbols are available. De Campos et al. [32] 
evaluate the accuracy of classification in different 
algorithms performance on cropped characters by the 
average recognition rate at the character level. The 
dataset consists of 64 classes (0-9, A-Z and a-z), 7705 
characters which are obtained from natural images, 3410 
characters that are hand-drawn characters and 62992 
synthesized characters from computer fonts. 

Table 11 : Performance evaluation using SVT 

Algorithm Accuracy

Bissacco et al. [49] 90.39% 

Bai et al. [12] 87.5% 

Jaderberg et al. [50] 86.1% 

Bai et al. [51] 75.89% 

V. RECENT APPLICATIONS OF SCENE TEXT DETECTION

AND RECOGNITION 

Recently, text detection and recognition in the wild 
have become research topics extensively. A lot of related 
applications, models, algorithms, and platforms have 
been proposed and designed [47, 52, 53]. Applications 
that use text recognition are often called OCR (Optical 
Character Recognition) software, and they convert the 
pictures into text. These types of software analyze the 
documents and compare fonts that are stored in the 
database. There are several OCR applications, some of 
them are mentioned below: 

(i) Office Lens is software for smartphones developed
by Microsoft, which allows you to digitize notes on
chalkboards or whiteboards [54]. Digital copies of
business cards, posters or documents can also be
made from this app, and after that, you can also trim
or edit them. Office Lens is available in the App
Store and Google Play as well. Office Lens has a
limited number of uploaded images per file.

(ii) OCR is also built into Google Drive. Google docs
have a feature of converting images to text docs and
saving in Google Drive. Text recognition through
Google Drive docs has limited fonts, resolution, and
size [55]. Then, document font should be the style of
Times New Roman or Arial for the better results.
Images can be individually processed or can be
processed in multi-page PDF docs. Google docs also
support a wide range of languages from Zulu,
Finnish to Filipino and Yiddish. The document
resolution should be at least 10 pixels in height.

(iii) The field of robotics adopts this technology. They
allow robots to detect and understand the text as a
human function. Researchers from the University of
Pennsylvania in the GRASP laboratory developed a
robot called Graspy that has the ability to read a text

from indoor signs [56]. This robot can walk around, 
detect a word in the environment, and convert that 
text to speech systems. They achieved a precision of 
45% and recall of 67% (harmonic mean of 54%) in 
just 0.18 s. Graspy has a limitation that is the ability 
to detect limited words with specific fonts. Case et 
al. [57] apply a PR2 robot platform to read the text 
in the office environment. Table 12 shows the 
recognition accuracy of their framework. 

(iv) The new Anki Vector robot is smart enough to detect 
more than an object. Then, Anki robot can detect
faces, text, answer questions, and play games too.
This robot has the ability to text-to-speech and using
this feature whenever that machine needs it [58].

(v) Sophiais also an intelligent robot and considered to
be the world’s smartest robot. Sophia has fantastic
features, including facial expression and talking.
Sophia also has text recognition features, including
text to speech. It can talk in various languages as
well, due to these features [59].

(vi) Aeolus robot is considered as a household robot for
providing assisting inside the home [60]. Aeolus can
recognize text commands as well as voice
commands.

A lot of more robots are there in the world, and as the 
technology is getting more advanced, amazing products 
are being launched, and mostly the focus on latest 
technology and scientists is on computer vision in AI. 

Table 12 : Text recognition accuracy [57] 

Edit Dist. Nameplate Data ICDAR 2003

0 66% 59% 

1 76% 66% 

2 80% 72%

VI. CONCLUSION

In this paper, we present a selective review on the 
methods that have explicitly focused on improving text 
detection and recognition techniques. A survey of 
selected studies that enhance text detection methods has 
been reviewed, and the contribution of each study has 
been presented. Furthermore, a comparison has been 
made between recently available benchmark datasets. 
The development of the text detection technique is raised 
in the area of neutral images, however, more studies need 
to be conducted to improve the recognition performance 
of multiple words from online videos. Most of the 
existing systems are concerned with text in English and 
Chinese. Then, it is crucial to develop text detection and 
recognition applications that can handle texts of different 
languages on the same platform. 
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