
 

Journal of Information Communication Technologies and Robotic Applications 

http://www.jictra.com.pk/index.php/jictra, pISSN: 2523-5729, eISSN: 2523-5739 
JICTRA 2021  39 

Open Access 
Fu l l  Leng th  Ar t i c le  
 
 

A Text Tracking Method using Maximally Stable Extremal Regions  

and Speeded up Robust Features 

Samabia Tehsin1, Sumaira Kausar 

1 Associate Professor, Department of Computer Science, Bahria University Islamabad  
2Associate Professor, Department of Computer Science, Bahria University Islamabad 

 

A B S T R A C T  

Content-based image retrieval is an active research area because of the vast applications of image and video 

collections. Text embedded in the video can provide a significant contribution to identifying the contents of the 

multimedia data and facilitate the process of video indexing, retrieval, and analysis. Text tracking is a vital part of the text 

extraction process. It can speed up the text extraction process and also improves the text localization accuracy for 

videos. This paper proposes a novel approach for text tracking in videos. This method experimentally proposes 

Maximally Stable Extremal Regions (MSER) and Speeded up Robust Features (SURF) descriptors for text tracking in 

videos. The proposed method improves the tracking accuracy and efficiency of video text objects. MSER is used for 

interest point detection as Extremal regions are affine invariant, so it is a suitable option for text tracking which can 

undergo scale, rotation, and translation changes. SURF is chosen as a feature descriptor because of its scale and 

rotation invariance, speed, and robustness. The proposed technique is testified on two datasets; the first is designed to 

test the tracking methodology as part of this research and the second is a publicly available Youtube Video Text (YVT) 

dataset. It provides Multiple Object Tracking Precision (MOTP) of 0.53 and Multiple Object Tracking Accuracy (MOTA) of 

0.48. Succeeding analysis on diverse datasets endures verification of the fact that the projected technique demonstrates 

visible improvements to text tracking in videos. 
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In these times, there is an increased requirement for 

efficient retrieval and indexing of multimedia data due to 

immense applications and the growth of images and video 

libraries. Plenty of work is done to index and retrieve 

multimedia content. These methods use different features 

e.g. color, texture, silhouette, etc. But for text-based 

retrieval systems, text inserted in images and videos is a 

very significant choice. Graphical texts embedded in 

multimedia data communicate information regarding news 

bulletins, the title of movies, brand names in 

advertisements, match scores and summaries, date and 

time of an incident. All these pieces of information are 

very useful for the efficient retrieval and indexing of 

multimedia libraries.  
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Multimedia embedded text is broadly categorized into 

two groups, namely caption and scene text. Caption text 

is superimposed on an image or video during the editing 

phase. It is also referred to as artificial text or 

superimposed text in literature. Examples of caption text 

include match scores and summaries, news bulletins, and 

movie credits. Scene text appears in the real scene of the 

image or video frame e.g. road directions, billboards 

brands, nameplates, etc. Scene text is also known as 

graphics text.   

Caption text more often provides good knowledge 

about the real contents of the multimedia and hence can 

be a very choice for multimedia retrieval.  

Figure 1. The architecture of text extraction and 

recognition process 

 

The text extraction and recognition process include 

five stages that are text detection, text localization, text 

tracking, segmentation or binarization, and character 

recognition (See Fig. 1). Text detection and text 

localization phases aim to identify the boundaries of all 

the text instances and form bounding boxes around 

individual occurrences. Text tracking is used to identify all 

the instances of identical text that appear in adjacent 

frames of a video. Text tracking may use temporal 

information to eradicate incorrect text localization and 

improve the outcomes of text detection and localization 

phases. It also delivers the consolidated input to the 

binarization and recognition phase by eliminating the 

redundant text appearing in the consecutive frames. 

Enormous research efforts are made in the field of 

text detection and localization. However, very limited 

approaches to text tracks are presented in the literature 

[1, 2, 3, 4]. The proposed methodology focuses on the 

text tracking part of the text extraction system. This phase 

can play a vital role in eliminating false alarms and can 

speed up the text extraction process in videos. In the 

proposed methodology, Maximally Stable Extremal 

Regions (MSER) along with the Speeded-Up Robust 

Features (SURF) features are used for tracking the 

occurrences of the same text in consecutive frames. The 

rest of the paper is structured as follows. Section 2 

highlights important developments in the field, and 

Section 3 presents the proposed text tracking approach. 

Section 4 explains the dataset and metric used. It also 

shows the result of the presented methodology. Section 5 

concludes the research findings. 

 

 

 

A variety of approaches to text extraction is 

presented in the literature [5-15]. State-of-the-art 

techniques are demonstrated in comprehensive surveys 

[16-25]. But, the majority of the work ignores the temporal 

information in videos [26-31]. Very limited work focused 

on the text tracking aspect in the text extraction process. 

Conventional methods for the text recognition of video 

mainly focus on recognizing the text in every single frame 

independently [32, 36]. 

Lienhart [37] proposed a complex-valued multilayer 

feed-forward network to detect text in images and videos, 

but it has a relatively high computational complexity due 

to the multi-resolution approach. Li et al. [38] used the 

Sum of Squared Difference to track the text. It can track 

the text with a pure translational motion, but it cannot deal 

with severe background changes. Jiangbo Xu et al [39] 

presented a text extraction method in DCT compressed 

domain.  Potential text blocks are identified by DCT 

texture energy. An adaptive temporal constraint method is 

also suggested to improve the text detection results. 

Gallavata et al. [40] used motion vectors of MPEG videos 

for text tracking. Qian et al. [41] proposed a methodology 

of text tracking for compressed video. Horizontal and 
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vertical projection profiles and Mean Absolute Difference 

(MAD) is applied to track the rolling and static text 

respectively.  

W. Huang et al. [42] used temporal information 

obtained by dividing a video frame into sub-blocks and 

calculating the inter-frame motion vector for each sub-

block. This work focuses only on text credits of uniform 

velocity. It fails to deal with scaling and randomly moving 

text. Tanaka et al. [43] suggested using the cumulative 

histogram to find the correspondence of detected text 

instances with the text instances of consecutive frames. 

W. Zhen et al. [44] and LI et al. [45] exploit the 

temporal redundancy of neighboring frames but cannot 

deal with moving text. Some wearable camera 

applications are also proposed that provide the 

methodology for text tracking in real-time [46, 47]. Most of 

the presented work fails to deal with complex background 

text occurrences in videos. Furthermore, these 

approaches can only apply to stationary text or can deal 

with simple motions like simple scrolling credits. The 

proposed methodology presents the text tracking 

mechanism, which can deal with complex text movements 

such as zooming in and out and having complex 

backgrounds. It can also deal with motion blur, rotation, 

and scale changes. 

 

 

Temporal redundancy is a very significant feature of 

videos that is not present in image data. Text in videos 

persists for a certain duration to make it readable. Text 

normally remains on screen for more than one second. 

NTSC standard television videos refresh rate is app. 30 

frames per second (FPS). It means a text should appear 

in at least thirty consecutive frames. This feature can be 

subjugated to minimize the false alarms in the detection 

and localization phase.  

Animated effects are commonly applied to caption 

text in videos. Text appearing in videos may change in 

scale or/and location due to zooming in or out and 

translation. However, that change is very gradual to make 

it smooth for the viewers. It means the two consecutive 

frames having the same text should have the same 

characters and similar size and location, if not the same. 

Therefore, the text tracking phase aims to trace all the 

occurrences of the same text appearing in different 

frames of the video.  

Text Detection and localization are applied before the 

tracking phase. The region-based methodology by Tehsin 

et. al. [48] is used for detecting and localizing text in the 

individual frame. This technique is chosen for its 

computational efficiency and good detection results. 

Tracking results are highly dependent upon the detection 

results and the chosen detection method focuses on the 

caption text, therefore the presented tracking method can 

deal with the caption text tracking only.  Tracking of text 

events in a video is achieved in three steps. First interest 

points are extracted using the Maximally Stable Extremal 

Regions (MSER). Interest points are extracted for every 

detected text object in a frame. The second step is to 

define the feature descriptor for every interest point 

extracted; using the Speeded Up Robust Feature (SURF) 

descriptor and the last step is to match the descriptor of a 

detected text object with all the text objects in the 

adjacent frames. Combining the MSER and SURF 

provides the tracking tool that can deal with motion blur, 

scale change, and rotation variance. 

Interest Point Detection 

Interest points are detected using MSER [49]. 

Extremal regions are affine invariant, so it is a suitable 

option for text tracking which can undergo scale, rotation, 

and translation changes.  MSER is used for interest point 

detection instead of corner points. Corner points are 

effective in high-resolution images but are not appropriate 

for low contrast low-resolution videos [50]. MSER is 

equally effective for low-resolution videos. 

Let  is a grayscale image defined on a 

domain . Here the image  is the detected 

text object in the  frame. This image can be fully 

defined as a group of level sets.  is 

a level set off   at , where ?  A sub-level set 

can be characterized by an intensity level  and it can be 

defined as . By varying the 

intensity level , we get the sequence of sub-level 

sets. This sequence can be visualized as a component 

tree. Let  represent the region in the image 

surrounded by the boundary .  is said to be an 

extremal region if 

  Let 

 is a sequence of nested extremal 

RESEARCH METHODOLOGY 
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regions, i.e.  . The stability of the region  

can be defined as 

                 (1) 

 

Here  is the area . A stable region 

changes very slowly with the change in the threshold 

value . A region  is maximally stable iff  has a 

local maximum at . The regions are fully defined by the 

extremal property of the intensity function of the region 

and its boundary. In general, an MSER is an extremal 

region whose area is left almost the same over a 

sequence of intensity levels. Extracted interest points for 

detected text objects are shown in Fig 2. 

 

 

 

 

 

 

 

Figure 2: Detected Interest Points in the Text Objects 

 

Feature Descriptor 

In this phase, for every keypoint , extracted in the 

previous step, the feature set  is computed. 

Where  is the  interesting point of the  text 

object in  the frame SURF [51] is used to define the 

feature set. SURF is chosen as a feature descriptor 

because of its scale and rotation invariance, speed, and 

robustness [51, 52]. It is studied that MSER is sensitive to 

image blur[53]. To compensate for this sensitivity, SURF 

is used as the feature descriptor that works very well in 

the presence of image blur [51]. 

SURF estimates the orientation of the interesting 

point by constructing a circular region around it. Haar 

wavelet responses, weighted with Gaussian centered at 

the key point, are used to estimate the orientation. This is 

used to make the descriptor rotation invariant. SURF 

descriptors are computed by constructing a square region 

around the key point. The square region is split into 

 windows . Four descriptors are extracted 

for each window  by shifting it by . 

These descriptors are the intensity patterns of the 

particular window. The feature vector  for the 

interesting point can be defined as 

       (2) 

Here,  is the horizontal wavelet transform and 

 is the vertical wavelet transform of the respective  

window. These wavelet responses are summed up for 

each window that structures the first two entries of the 

feature vector  and, . Where,  and  

are added in the feature vector to convey the information 

about the polarity of the intensity changes.  is the total 

number of windows in the square region and is equal to 

. Here and . So the length of 

the feature vector is 64 and the possible values   range 

from 1 to 4. 

 

 

 

 

 

 

 

 

 

Figure 3: Matching results for different candidate text 

regions 

 

Matching 

Search space for feature matching is reduced by 

spatial constraints. Interest point is matched in 

neighborhood vicinity only because text event in 

neighboring frames may translate slightly to keep the 

smoothness of the video. Let   be the center of 

 a text object in the  frame and  be 

the center of  the text object in the  frame 

then before matching the interest points, it should obey 

the following spatial constraint: 

     (3) 

Here  is the threshold value and it is dependent 

upon the dimension of the text object and frame size 

http://www.jictra.com.pk/index.php/jictra


 

Journal of Information Communication Technologies and Robotic Applications 

http://www.jictra.com.pk/index.php/jictra, pISSN: 2523-5729, eISSN: 2523-5739 
JICTRA 2021  43 

 
 

Where  are the length and height of  

the frame and  are for the  text object of 

 the frame. After filtering through the spatial 

constraint, text objects are matched with the text objects 

of adjacent frames. Nearest Neighbor Ratio [54, 55] is 

used as the matching method. The Sum of squared 

distances is used as a feature matching metric. Fig 3 

shows some matching results of the text object with the 

candidate text objects of the neighboring frame. 

The same id (identification number) is assigned to the 

matched text objects of consecutive frames and a new id 

is assigned to the text object having no match. 

 

 

 

For our experiments, we used a dataset consisting of 

ten videos collected from different sources of news, 

sports, movies, and cartoon videos. These videos are 

having static and animated caption text. Animations 

include scrolling up and down, horizontal moving credits, 

and zooming in/out. Fig 4 shows some sample tracking 

results of the proposed technique on the dataset videos. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Sample results of the proposed method 

 

Evaluating text tracking task is a Spatio-temporal 

task. Multiple Object Tracking Precision (MOTP) and 

Multiple Object Tracking Accuracy (MOTA) is used for the 

evaluation of tracking task [56]. This evaluation metric 

penalizes fragmentation in spatial as well as temporal 

domains. 

Let  is the  ground truth object in the frame 

and  is the corresponding detected object, then 

MOTP can be defined as  

 
 

Here, are the mapped text objects in the entire 

track,   is the total number of frames, and  are the 

number of mapped objects in the frame. MOTA is 

used to compute the accuracy of text tracking tasks. 

Three error ratios naming missed count , false alarm 

, and several switches , are used to calculate the 

MOTA  of any video sequence. 

 (5) 

 

Where  and  are the cost functions for missed 

counts and false alarm penalties. Here the cost functions 

are considered as the associated weights.  is the 

number of ground truth boxes in the frame. Evaluation 

results of the proposed methodology and its comparison 

with the Shi et. al. method [57] are presented in Table 1. 

Shi’s method is a discrete cosine transformation (DCT) 

based method. Shi’s method is chosen for comparison for 

its efficiency and accuracy. 

Table 2 shows the proposed method for tracking the 

performance of stationary text, moving texts in horizontal 

and vertical directions, and scale-changing text. Results 

show that static text gives better results than animated 

once. The reason for misdetection and mistracking in the 

animated text is the variation in size and position of the 

text. Moving text changes its background and is hence 

difficult to detect and track. 

Table 1. Performance Evolution of Proposed 
Methodology 

Algorithm MOTP MOTA 

Proposed 

Shi [39] 

0.53 

0.41 

0.48 

0.37 
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Table 2. Performance Evaluation for Different 
Types of Videos Test 

Animation Type MOTP MOTA 

Static 

Scroll 

Zoom In/Out 

0.63 

0.49 

0.48 

0.58 

0.46 

0.44 
 

 

 

 

Lower MOTP and MOTA are mostly because of 

constraints in the detection phase. To only check the 

tracking phase capabilities, we assume the detection 

phase is error-free. MOTA is dependent upon text 

detection as well as text tracking results. To highlight the 

results of text tracking only, text detection results are 

simulated and represented as the blue plot in Fig 5. As 

the simulated detection results increases, corresponding 

MOTA results also improves. In the ideal scenario, when 

text detection has a 100% result, then MOTA reaches the 

accuracy of 94%. Fig 5 shows the tracking results with the 

simulated detection results.  

Two factors play a vital role in the performance of text 

tracks, one is the complexity of the background and the 

second is the number of text objects to track at once. Fig 

6(a) shows that the performance of text tracking degrades 

with the increase in the average number of texts per 

frame. Fig 6(b) shows the effect of average text objects 

on three error ratios. The proposed method suffers less 

from missed count than the Id switch and false alarm. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Comparison of tracking results for different 

simulated detection results 

 

 

Another important factor in text tracking is the 

complex background. When the background is complex 

then it changes drastically with the motion of the text. 

Feature descriptor is based on the intensity map around 

the interesting point, so the proposed method mistrack 

some of the text objects that have a complex background 

(See Fig 6(c)). The complexity of background can be 

defined as the very frequent intensity changes in spatial 

and temporal domains. 

Fig 7 shows the confusion matrix for the proposed 

method tracking results. It is observed that mostly 

mistracking results in the Id switching. The probability of 

mismatching a text object with a false object is less. In Fig 

7, ‘a’ and ‘b’ are labels of the arbitrary text objects 

. 

For the feature descriptor, we have experimented 

SURF with 64 features and with 128 features. 

Experiments propose the SURF with 64 features. There is 

a slight advantage in the accuracy of tracking using SURF 

with 128 features but it almost doubles the matching time. 

Experiments are conducted on a 2.1 GHz processor with 

4.00 GB of RAM. The average time of processing a frame 

using 64 features is 0.0040 sec, while it takes 0.0076 sec 

for SURF-128. So we have chosen SURF with 64 

features. Table 3 shows tracking results for both options. 

SURF-128 can be chosen for the systems, where speed 

can be compromised for accuracy. 

The proposed tracking algorithm is also tested on the 

publicly available YouTube Video Text (YVT) dataset [1]. 

The evaluation metric for this dataset is the Average 

Tracking Accuracy (ATA) VACE metric [58].  ATA offers a 

Spatio-temporal evaluation that can quantify the correctly 

detected and tracked words while penalizing for 

fragmentation, false negatives, and false positives. Table 

4 shows the performance of the proposed method on the 

caption text subset of the YVT dataset and its comparison 

with other methods. 
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(b) 

 

 

 

 

 

 

 

 

(c) 

 

 

Figure 6. (a) Effect of average text objects on MOTA 

(b) Effect of average text objects on Error Ratios (c) Effect 

of background complexity on MOTA 

 

 
 

This paper proposes a text tracking method for 

videos. MSER and SURF-based tracking methodology 

have been presented. A combination of MSER and SURF 

provides a very effective tool for text tracking in videos. 

Results of the proposed technique are shown using a 

diverse dataset. Text tracking can help in improving the 

detection results and can improve the computational 

efficiency of text recognition by providing consolidated 

text. Hence, the proposed method can be helpful for 

indexing and retrieval of video content. 

This paper is tested on the caption text data and 

provided promising results. It can also be used for scene 

text tracking. Moreover, other feature descriptors can also 

experiment for the better tracking results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Confusion Matrix for text tracking  

COMPARISON OF SURF-64 AND SURF-128 FOR TEXT 
TRACKING 

                               MOTP 

Animation Type SURF-64 SURF-128 

Static 0.63 0.63 

Scroll 0.49 0.50 

Zoom In/Out 0.48 0.51 

 

Table 4. Results on YVT Dataset 

Methods Proposed Plex+T 
Error! 
Reference 
source 
not found. 

DR+T [1] 

ATA 0.56 0.28 0.32 
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