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Abstract. In this paper, we proposed an improved Hidden Markov Model 
(HMM) to extract metadata in the academic literatures. We have built a dataset 
including 458 literatures from the VLDB conferences, which contains the visual 
feature of text blocks. Our approach is based on the assumption that the text 
blocks in the same line have the same state (information type). The assumption 
is effective in more than 98% occasions. Thus, the state transition probability 
among the same states in the same line is much larger than that in different 
lines. According to this conclusion, we add one state transition matrix for HMM 
and modified the Viterbi algorithm. The experiments show that our extraction 
accuracy is superior to that of any existing works. 
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1    Introduction 

With regard to the issue of metadata extraction, there have been three main ap-
proaches, i.e., heuristic approach [1], template-based approach [2], HMM-based ap-
proach [3]. Among these approaches, heuristic method has a low accuracy (only about 
80%); template-based approach has a high accuracy (about 95%), but it requires 
manually writing template, thus it has poor adaptability; HMM-based approach has a 
medium accuracy (about 87%). It requires a large training sample to construct the 
transition matrix and emission matrix. However, to further improve the accuracy of 
HMM-based approach is very difficult.  

In this paper, we proposed to add the text block visual features into the HMM. As 
we know, humans recognize the various parts of a PDF literature not just relying on 
the content of the text blocks, but also on their location, size, font and other informa-
tion. In general, the text blocks in the same line is very likely to belong to the same 
information type, i.e., title, author, affiliation, etc. However, existing data sets do not 
provide the text block location information [4]. To solve this problem, we 
downloaded about 500 literatures from VLDB conferences and converted them into 
HTML format using an open-source utility [5]. The converted HTML document con-
tains the text block location and other font information. Based on location informa-
tion, we divide the state transition matrix of HMM into two transition matrixes. One 
matrix represents the state transition probability in the same line; the other represents 
the state transition probability in different lines. We modify Viterbi algorithm with the 
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two matrixes. Experimental results show that the exaction accuracy increases 4.5%, 
and the overall metadata exaction accuracy reaches 97.4%. 

2   PDF File Conversion 

2.1   HMM Profile 

HMM is a double stochastic process, which can be defined as a five-tuple λ=(X, O, π , 
A, B). X denotes a set of states, X ={S1, S2,..., SN }, N denotes the state number, qt 
denotes the state at time t; O denotes a set of observed symbols, O= {V1, V2, …,VM}, 
M denotes observed symbols number; π denotes the initial state distribution, π = {πi}, 
πi = P{q1 = Si}, 1 ≤ i ≤ N; A denotes the state transition probability distribution, A 
= {aij}, aij ={qt+1 = sj | qt = si}, 1 ≤ i, j ≤ N; B denotes the observation probability distri-
bution of state j, B = {bj(k)}, bj(k) = P{Ot=Vk | qt = Sj}, 1 ≤ j ≤ N, 1 ≤ k ≤ M. The  
detailed definitions can be found in reference [6]. 

2.2   Conversion of PDF Literature into HTML Files 

In this section, we provide a sample PDF literature, which is shown in Figure 1. As 
we have seen, it contains title, authors, affiliations, addresses, emails, abstracts, etc. 
These items are called the literature metadata. They play an important role for the 
readers to understand a summary of the literature information. However, writing a 
program directly that can analyze the contents of PDF literature is very difficult. 
HTML documents are relatively easy to analyze and process. We utilize the open 
source Pdftohtml to convert PDF literatures into HTML format. The converted result 
is shown in Fig.2. From the 3rd line to the 25th line, each text block has its own loca-
tion information. 

3   HTML Document Pre-processing and Conversion 

Many parts of the HTML document are not necessary for our follow-up metadata 
extraction, e.g., the font information, the background image, etc. Therefore, we need 
to pre-process the document collection, and then integrate all the HTML documents 
into an XML document. Pre-processing steps are as follows: 

 

Step 1: Positioning the file pointer to the first position of a DIV appears; 
Step 2: Loop read each line, and assign the content to the variable line; 
Step 3: Parse out the top and left property values in the DIV element's style attrib-

ute, and assign them to the variables vtop and vleft respectively; 
Step 4: Parse out the text block content in the span element of line, and reassign it 

to line; 
Step 5: Remove the <i>, </i>, <b>, </b>, <a>, </a>, <br> tags and some other 

meaningless symbols from line; 
 

After the pre-processing steps, one DOM tree will be created, which contains the type 
(title, author, etc.) and location for all text blocks in all literatures. 
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Fig. 1. One Typical PDF Literature 

 

Fig. 2. Partial Content of newfile-1.html 

4   HMM Definition and Parameters Estimation 

HMM comprises of two sequences, i.e., state sequence and observation sequence. In 
the PDF metadata extraction, states correspond to the types of text blocks, observation 
symbols correspond to the content of text blocks. Metadata Extraction is performed by 
determining state sequence that was most likely to generate the observation sequence. 

The header information of each literature includes title, author, affiliation, address, 
email, abstract, etc. Thus, the state set of HMM is defined as: X = {title, author,  
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affiliation, address, email, abstract, final}. If a text block is the last one in the litera-
ture, then we define that the next state of current state is the final state. The observa-
tion symbols contain all the words and numbers in all text blocks, which can be  
obtained through statistics of all training literatures. The initial state distribution con-
tains the probabilities of each state that is in the first text block. The observation 
probability distribution contains the probabilities of each word appeared in each state. 

In this paper, we have a text block as the smallest unit of information processing. 
Each text block corresponds to a unique state. Traditionally, HMM contains only one 
state transition matrix, which treats the whole literature as a data stream of text blocks. 
Although this approach retains the text blocks sequential relationship, it loses the text 
blocks location relationship. However, the location relationship is very important to 
determine the type of text block. For example, if we know a text block indicates the 
author, then the text blocks on the same line is very likely to indicate author too. In Fig. 
2, the text blocks from the 5th to the 11th row are all authors, and they are on the same 
line. Of course, the punctuation, number and other symbols are not author names, but 
they are ancillary information that associated with the authors. For example, the super-
script 1 denotes that the author in front of it belongs to the first affiliation. 

Through the above analysis, we can draw the following conclusions: 1) in the same 
line, the transition probability between the same states is much larger than the nor-
mal one; 2) in the same line, the transition probability between different states is 
smaller than the normal one; 3) in different lines, the transition probability between 
the same states is smaller than the normal one; 4) in different lines, the transition 
probability between different states is larger than the normal one. These conclusions 
have been verified through the experiment results in Table 1, Table 2 and Table 3. 

The original state transition matrix A  has been divided into two matrixes, A′  A ′′ . 

Table 1. The Original State Transition Probability Matrix A  

Next 
Current 

title author 
affilia-
tion 

address email abstract final 

title 0.3181 0.6750 0.0000 0.0000 0.0000 0.0068 0.0000 
author 0.0000 0.4095 0.5521 0.0000 0.0356 0.0026 0.0000 
affiliation 0.0000 0.0146 0.3532 0.2775 0.3067 0.0464 0.0013 
address 0.0000 0.0000 0.0092 0.3588 0.5797 0.0521 0.0000 
email 0.0000 0.2528 0.1245 0.0000 0.1566 0.4452 0.0207 
abstract 0.0026 0.0066 0.0000 0.0000 0.0000 0.6071 0.3834 

Table 2. The State Transition Probability Matrix in the Same Line A′  

Next 
Current 

title author 
affilia-
tion 

address email abstract final 

title 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
author 0.0000 0.9903 0.0048 0.0000 0.0000 0.0048 0.0000 
affiliation 0.0000 0.0000 0.8783 0.0684 0.0532 0.0000 0.0000 
address 0.0000 0.0000 0.0731 0.8536 0.0731 0.0000 0.0000 
email 0.0000 0.0000 0.0000 0.0138 0.9861 0.0000 0.0000 
abstract 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 
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Table 3. The State Transition Probability Matrix in Different Lines A ′′  

Next 
Current 

title author 
affilia-
tion 

address email abstract final 

title 0. 3055 0.6944 0.0000 0.0000 0.0000 0.0000 0.0000 
author 0.0000 0.0186 0.9285 0.0000 0.0527 0.0000 0.0000 
affiliation 0.0000 0.0048 0.2396 0.3374 0.3300 0.0855 0.0024 
address 0.0000 0.0000 0.0139 0.3162 0.5860 0.0837 0.0000 
email 0.0000 0.0526 0.1085 0.0000 0.0296 0.7894 0.0197 
abstract 0. 0000 0.0027 0.0000 0.0000 0.0000 0.5931 0.4041 
 
Now that whether is in the same line has great impact for the transition probability 

between states, how can we know whether the two text blocks are in the same line? 
We proposed a simple way to solve it. Firstly, all text blocks are aggregated into mul-
tiple groups. In each group, the difference between the max top value and the min top 
value should be less than a threshold. This approach is basically correct. The recom-
mended threshold value can be 6-10. 

5   Viterbi Algorithm Improvement and Enhancement 

Viterbi algorithm uses dynamic programming technology. Firstly, we briefly intro-
duce how Viterbi algorithm finds the “best” state sequence.  

 

We define 
1 2 1

1 2 1 1 2
...

( ) max [ ... , , , ,... | ]
t

t t t t
q q q

i P q q q q i O O Oδ λ
−

−= =  
 

What we try to find is the state sequence that corresponds to the maximum δt(i) at 
time t. The steps are as follows: 
 

1) Initialization 

δt(i) = πibi(O1), 1 ≤ i ≤ N; φ1(i) = 0, 1 ≤ i ≤ N;  (1) 
2) Recursive 

)(])([max)( 1
1

tjijt
ni

t Obaij −≤≤
= δδ , 2 ≤ t ≤ T; 1 ≤ j ≤ N; (2) 

])([maxarg)( 1
1

ijt
ni

t aij −
≤≤

= δφ , 2 ≤ t ≤ T; 1 ≤ j ≤ N;  (3) 

3) Terminate 
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1
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δ
≤≤

= ;  )]([maxarg*
1

iq t
Ni

t δ
≤≤

=  (4) 

4) Find the S sequence 

)*(* 11 ++= ttt qq φ ,  t= T-1, T-2 …, 1  (5) 

We can improve the Viterbi algorithm by adjusting two factors, i.e., B and A. In 
this paper, the emission probability of each text block is the sum of that for all words 
in the text block. Assume that the block sequence is: O = O1O2…OT, and the length of 
the tth block is K (i.e., it contains K words), Ot = Ot1 Ot2 …OtK. The probability that 
state j emits the tth block is: 
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We found that some bj(Ot) = 0, which lead to the extraction accuracy decrease re-
markably. In order to avoid this problem, we assign a very small value for them 
(about one ten-thousandth), and the accuracy return normal level. Similarly, for the 
transition probability aij = 0, we also assign a very small value to them (about one 
thousandth). 

In the formula (2) and (3), aij denotes the transition probability from state i to state j, 
which did not concern the location information of text blocks. Based on the discussion 
in section 4, we can modify the formula (2) as follows: 
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The function line returns the line number of the text block. From the formula (7) 
we can see that, if the two adjacent text blocks belong to the same line/group, then the 
matrix A′  should be used; otherwise, the matrix A ′′  should be used. 

6   Experiments and Analysis 

Because there are no text blocks location information in the existing dataset, we 
downloaded and compiled more than 500 PDF literatures from VLDB conferences 
manually. However, some literatures became garbled after treatment by the tool 
pdftohtml-0.39. At last, we collected 458 valid PDF literatures. These literatures are 
divided into two groups: the former 300 as the training dataset, and the latter 158 as 
the test dataset. We evaluate the algorithm performance using the precision and recall, 
which are defined as follows:  

Precision for each state is defined as the number of text blocks with the correct tag 
for the state divided by the total number of text blocks with the machine tag for the 
state.  

Recall is defined as the number of text blocks with the correct tag for the state di-
vided by the total number of text blocks with the manual tag for the state. 

We did a total of three experiments. In the first experiment, we use the text block 
based way to extract metadata. The precision and recall are shown in the 2nd and 3rd 
columns of Table 4. The text block based way is superior to the word based way, 
which has been verified in reference [7], so we did not do that experiment again. In 
the second experiment, we considered the text block location information, and com-
puted the new state transition matrixes as shown in Table 2 and Table 3. By using the 
two matrixes and the formula (7), the accuracy of Viterbi algorithm on average is 
increased about 4.5%. We can see that title precision and recall, author precision and 
recall, affiliation precision and recall, address precision, email recall and abstract 
precision are all increased remarkably.  
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Table 4. The Precision and Recall for Text Block Location Based Way 

Text Block Based Way Location Based Way Accuracy 
State Precision Recall Precision Recall 

title 0.975207 0.925490 1.000000 1.000000 
author 0.894488 0.948247 0.993266 0.984975 
affiliation 0.869469 0.825630 0.930526 0.928571 
address 0.738739 0.858639 0.943182 0.869110 
email 0.933993 0.792717 0.941333 0.988796 
abstract 0.961538 0.992063 0.990777 0.994709 

7   Related Works 

Existing literature metadata extraction can be divided into two categories: extract 
metadata from the paper list on a Web page; extract metadata from a lot of PDF litera-
tures. They are usually concerned with different metadata items. The former mainly 
extract the title, author, journal, year, conference, column, issue, page, etc; the latter 
mainly extract the title, author, affiliation, address, email, abstract, keyword, etc. Both 
of them can be extracted using HMM. Most HMMs are constructed automatically [8, 
9]. For example, Seymore [9] proposed to extract the title, author, keyword and other 
metadata for each literature using HMM in Cora [4], which has an average accuracy 
of up to 92.9%. 

In order to improve the accuracy of HMM-based metadata extraction algorithm, 
many people attempted to take full advantage of the feature of the text. Ling Zhang 
[10] proposed a HMM structure learning method based on symbol feature extraction, 
in which each feature corresponds to a state. She also modified Viterbi algorithm 
through add a type parameter to each state. The extraction accuracy of her algorithm 
is superior to that of [9]. Ming Zhang et al. [11] proposed a hybrid statistic model for 
metadata extraction: SVM + BiHMM. The BiHMM model modifies the HMM model 
with both Bigram sequential relation and position information of words, by means of 
distinguishing the beginning emitting probability from the inner emitting probability. 
The average extraction accuracy of their model can reach 96.5%.As a result of the 
different datasets, the accuracy of our algorithm cannot be compared directly to other 
algorithms. However, the practical application of our algorithm has achieved good 
results, which has an average accuracy of up to 97.4%.  

8   Conclusions 

In this paper, we proposed a new PDF academic literatures metadata extraction ap-
proach. It used the location information of text blocks and modified the definition of 
HMM by adding one state transition matrix. The two matrixes reflect such fact that 
the transition probability between the same states in the same line is far greater than 
that in different lines. From the above experiments we can see that the accuracy for 
the improved Viterbi algorithm is increased greatly. We also found that the number or 
symbol superscript is useful for the metadata analysis. It can tell us which affiliation 
that each author belongs to. Next, we will be in this area for further research. 
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