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Abstract — In China, due to historical reasons, every patient has multiple medical cards. The medical history information stored in 
each medical visit card of one patient has to be in place before obtaining the patient’s complete EMR (Electronic Medical Record). 
So to set up a complete EMR, the association and recognition of medical cards have to be solved. The paper proposes the 
establishment of medical card PIX index to address the association problem of patients’ medical cards. The identification of 
medical cards is to recognize the patients’ identity in essence. The paper resolves the key scientific issue by using an integrated 
solution including data preprocessing, identity feature selection and identity matching of patients. Experimental results show that: 
i) the data preprocessing method has significantly enhanced the data quality, ii) The patients’ identity matching algorithm with the 
accuracy and recall rate reaching 98% and 93% respectively to effectively solve the problem of determining the patients’ identity.  
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I. INTRODUCTION 

 
In the 21st century, various countries have invested 

heavily to promote the development and application of EMR 
and EMR system. As EMR system have the information 
function of querying the patients’ medical history [1]. It 
means that physicians can bring up the patients’ medical 
records of all previous visits through patients’ personal 
information, including various data types from outpatient, 
emergency, and inpatient, etc.So EMR system can provid 
effective tools for physicians to quickly grasp the patients’ 
medical histories,  and avoid spending  lots of time on being 
familiar with them, thus more attentions will be paid on the 
present diagnoses and treatments. 

It is well-known that a patient go to hospital with his/her 
medical visit card, through which the patient's all previous 
medical records and medical history can be queried from the 
information system of medical institutions. It is simply 
considered to be that a patient's all previous medical records 
and medical history information are stored in each medical 
visit card. So as long as the information of the patient's 
medical visit card is obtained, the patient's EMR could be set 
up.  

However, due to some historical reasons, in China, every 
patient has multiple medical cards, such as Social Security 
card, Medicare card, and Self-paid Medical Visit card, etc, 
(which are collectively called patient’s medical cards). The 
patient has more than one Self-paid Medical Visit cards even 
at the same medical institutions. All the medical cards of one 
patient are used frequently in medical process. It means that 
the patient's complete medical history information is stored 
in all his/her medical cards, from each of which one’s 
medical history information have to be collected for 
obtaining integrated EMR information. 

 
 

II. MATERIAL AND METHODS  

 
Therefore to establish complete EMR, all these medical 

cards have to be made the associations with each other. 
Finally, all medical cards information can be gained through 
the query on any medical card information, resulting in 
access to all the medical history information. How to set up 
affinity mechanisms of medical cards is the first key question 
in our studies. Meanwhile, because thousands and thousands 
of medical card information records are stored in the hospital 
database, from which how to identify all the medical cards of 
the same patient, is the second critical issue in this thesis. 

The concept of IHE (Integrating the Healthcare 
Enterprise) was proposed by RSNA (Radiological Society of 
North America) and HIMSS (Healthcare Information and 
Management Systems Society) [2]. IHE can be regarded as 
the guidance documents which are used to solve the 
integration problem of medical information system.In 
2003~2004, IHE proposed the IHE PIX (Patient Identifier 
Cross-referencing) integration profile to realizing the cross-
reference of patient identifier which comes from different 
business system. Then all identifiers of one patient could be 
unified. 

Some papers focus on the association problem of medical 
cards, such as [3-4].However, they only introduce the IHE 
PIX integration profile in detail or discuss the application of 
IHE in medical information system construction. In this 
paper, based on the previous researches the theoretical mode 
(PIX index) and practical model (PIX system) are proposed 
to solve the association problem. Some papers provide the 
matching algorithm for patient’s identity, such as [5-
6].While these identity matching algorithms has good 
performance in matching, they have one disadvantage of 
high computational complexity. In this paper, a new 
matching algorithm which has lower complexity and similar 
performance is proposed. The paper is organized as follows: 
Section II introduces the methods to solve the two key 
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issues. Section III, experimental study and discussion. 
Section IV, we conclude the paper. 

III. THE AFFINITY MECHANISMS OF MEDICAL CARDS 

Firstly, some key concept will be introduced for more 
learning the following content. 

Domain: In this paper, a relatively independent medical 
institution can called a domain. So a hospital, a community 
health service center or a maternal and child care service 
center all can be called a domain. In a domain, it may have 
one or more than one hospitals or community health service 
centers. 

Domain ID (Domain Identifier): It is the unique 
number of a domain. Domain id is assigned by PIX manager. 
PIX manger assigns a unique domain id for every domain. 

PID (Patient Identifier): It is the unique number of a 
patient with a certain region (such as in a hospital, a domain 
or in a nature).In the HIS (Hospital Information System), the 
medical card number is a patient's PID. One person has only 
one PID. If a person has two PID, the person will be 
regarded as two patients.  

UID (Unique Patient Identifier): It is the unique 
number of a patient in a nature. It can assist to identify the 
patient's uniqueness. In China, the ID number will be as the 
UID. 

PIX Index (Patient Identifier Cross—referencing 
index): It provides the index of one person's different PID. If 
a person's one PID is got, all the PID of the person could be 
searched by PIX index.The PIX index of patient medical 
cards is shown in Fig.1.  

 
Figure 1.   PIX index of patient medical cards 

The theoretical model of building PIX index is defined in 
Fig.2. In Fig.2, the PID source (Patients’ identity source) are 
responsible for providing data of patient identifier. More 
specifically, the PID source sends the data of patients’ 
identity information (including PID, the basic information of 
patients, etc.) to PIX manager;The PIX manager are 
responsible for processing data of patient identifier. More 
specifically, the PIX manager identifies patient's identity 
information and then builds and maintains the PIX index;The 
PIX consumer are responsible for searching all the PID 
information of one person depending on the PIX index. More 
specifically, the PIX consumer sends the PIX query 
information including the person’s PID to PIX Manager, and 
then receives all the PID information of the person. 

In the real-world situation, a person's PID may come 
from different domains. So how to build the cross-domain 
PIX index is a difficult real problem. In order to solve this 
real problem, the practical model (PIX system) of building 

PIX index is given in Fig.3. The PIX system is made up of 
three important parts: 

 
Figure 2.  Theoretical model of building PIX Index 

 
Figure 3.  PIX system 

1)Heterogeneous Data Sources Integration(HDSI): In 
Fig.3, each domain represents a patient’s identity source. 
While different domains may use different database,as 
shown in Fig.3.Sothe technology of HDSI is used to 
implement the function of importing medical card 
information to Data Center from different domains. 

2)Center Of Data storage and processing (Data 
Center): Data Center is not only a data storage platform but 
also a data processing platform. There are two important 
tables in the data center: patient medical card summary table 
(T ) and PIX Index table ( ).All the information of 
medical cards is stored inT . The PIX Index is stored in 

.The medical card information are processed with the 
medical cards matching algorithm. After that the PIX Index 
are built successfully and stored in . 

3)PIX Query: The PIX query module provides PIX 
query function. It receives a PID of one patient from the user 
(PIX consumer) and then selects all the PID of the person 
fromT . Finally it output the search result to user.In the end, 
the service of cross-domain PIX index based on the PIX 
system could be acquired. And the mechanism of medical 
cards association with each other is established successfully. 

IV. PATIENTS’ IDENTITY IDENTIFICATION  

From the part of data structure of   (Table 1),we can 
learn that the Patient's medical card number and his/her 
personal basic information (such as name, sex, birthday, etc) 
are both stored together. So the substantive matter of 
identifying the patient medical card is identifying the 
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patients’ identity. And the medical card matching algorithm 
can be called the patients’ identity matching algorithm. 

TABLE I.  THE MEDICAL CARD INFORMATION TABLE 

Field Name Filed Type Field Description 
Kh char(64) PID(Medical card number) 
Zjhm char(32) ID number  
Xm char(32) Name 
Xb char(1) Sex 
Csry datetime Birthday 
Dhhm char(24) Telephone Number 

A. Data Preprocessing 

In the practical application, the initial data of   have many 
problems for the reason of typing mistakes, nonstandard 
handwriting, etc. These problems will interfere the 
correctness of extracted knowledge from the initial data. So 
the data preprocessing are essential not just for improving 
the veracity and efficiency of matching result, but for 
supplying the decision-making aid of patients’ identity 
feature selection. In this study, parts of the problems and 
solutions of data preprocessing are shown in Table 2. 

TABLE II.  QUESTIONS IN DATA PREPROCESSING AND ITS SOLUTIONS 

Field  Problem Description Preprocessing 
measures 

Birthday 1)The date of birth is unknown  
2)The date of birth is mistake, 
because the date of birth is not 
associate with the birthday 
information of ID card 

1) The content of 
birthday field could be 
got from ID number. 
Because the ID number 
contains the birthday 
information in China. 

ID number 1)There are two types about the 
length of ID card. One is 15 
and the other is 18. The length 
of ID card is not uniform, 
which influences match 
properties.2)The data are stored 
in wrong field. The ID number 
is stored in other fields such as 
telephone number and so on. 

1)Translating the length 
of ID number from 15 
into 18. 
2)Getting the valid ID 
number from the other 
field such as telephone 
number and storing them 
into ID number field. 

Telephone  
Number 

1)The telephone number format 
is not uniform. Some data have 
area code; the others don't have 
area code. 
2)The content of field is 
mistake. The content of 
telephone field are not valid 
telephone number but for some 
faulty and redundant data. 

1) Removing the area 
data from telephone 
number. All the 
telephone number will 
not have area code. 
2) Setting the dirty data 
as empty for perfect 
matching result. 

Mobile 
Number 

1)The data are stored in wrong 
field. The mobile number is 
stored in other fields such as 
telephone number and so on. 
2)The content of field is 
mistake. The content of mobile 
field are not valid mobile 
number but for some faulty and 
redundant data. 

1) Getting the valid 
mobile number from the 
other field such as 
telephone number and 
storing them into mobile 
number field. 
2) Setting the dirty data 
as empty for perfect 
matching result. 

Residential 
Address 

1) There are many space 
character or all kinds of 
connectors in the data. That 
will influence the usefulness of 
residential address matching 
algorithm. 

1)Removing the space 
character and all kinds of 
connectors(such as "-
","/","\"and so on) from 
the data of residential 
address 

B. Patients’ identity feature selection 

The patient's basic personal information is sparse 
datawhich consist of multiple fields. So the fields whose 
information is more complete and identification is much 
easier, need to be chosen for matching the patients’ identity. 
In order to describe the field's sparse feature,the concept of 
Field Sparse Rate (FSR) is introduced. FSR is the ratio of the 
number of records whose field value is correct to the total 
records number in the table, as shown in formula(1). 

FSR ⁄ ∗ 100%	 1  
In which  represents the number of records whose field 

value are correct;  represents the total records number in 
the table . 

According to the IHE PIX profile, the mutable 
information is unfit for matching identity. So some fixed 
information need to be chosen for matching. The mutability 
of field represented as M could be classified into  three types: 

(1)M=0, the filed value are basically unchanged; 
(2)M=1,the filed value are not constantlyly changed; 
(3)M=2,the field value are constantly changed. 
According to the field’s sparseness and mutability, the 

fields constisted of the patient's basic personal information 
can be classified into three categories: 

(1)The first level fields (or the basic matching field) : 
90%<FSR<=100%, M=0.When matching patients’ identity, 
these fields must be used and could ensure the correctness of 
matching result. 

(2)The second level fields (or the extended matching 
field): 10%<FSR<=90%, M<=1. When matching patients’ 
identity, these fields could be used as assistant field based on 
the basic matching field for more accurate and 
comprehensive matching result.. 

(3)The third level fields: FSR<=10%, M<=2.As the 
records of these fields are almost empty, if they are used for 
matching, it not only don't have more better matching result 
but also adds the complexity of matching algorithm. So the 
third level fields are not suitable for matching. 

In this paper, the classification results of fields in the 
testing database based on statistical methods are shown in 
Table 3. Based on Table 3, the fields in the first and second 
level are chosen as the patient feature for matching patients’ 
identity. 

TABLE III.  THE CLASSIFICATION RESULT OF FIELDS 

The first level fields Name, Sex, Birthday 
The second level fields ID number, Telephone Number, Mobile 

Number 
The third level fields Ethnic, Nation, Birth Place, Work Unit, 

Contact Name, etc. 

C. Patients’ identity matching algorithm 

Residential address matching is not only a difficult 
problem in the patients’ identity matching but also a key 
problem for improving accuracy and comprehensiveness of 
patients’ identity matching. This paper proposed the address 
matching algorithm—splitting string matching algorithm 
based on the analysis and comparison of both patients' 
residential address information and address format. The 
matching algorithm of splitting string is designed as below.  
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If represents one address, the Ucould be taken as a 
mathematical set which consist of many characters. The 

represents the number of elements in the set U, so 
is the cardinal number of set U. 

Suppose there are two addresses for marching, they are 
defined as ,  respectively. The similarity of 
address and are defined as , .There are two 
values of , : 1 or 0. 1 represents the two addresses 
are the same address; 0represents the two addresses are not 
the same address. The ,  represents 
the max value of and , represents the 
number of elements in the intersection between set  
and .So ⋂ . 

The computational formula of 	Sim A , A as following: 

,
1, ,⁄

0, ,⁄
(2) 

Q is a threshold value which is customizable value to 
define. Its range are 0<Q<1. The value of Qcould be 
resizedto satisfy different conditions of address matching. In 
general, the value of Q in the range of 0.4～0.5 can meet the 
requirement. 

D. Patients’ identity matching algorithm 

To better describe the patients’ identity matching 
algorithm, some mathematical concepts are designed as 
below: 

(1)The total record set of patients’ identity is defined as 
Tset, one record represents one patients’ identity. 

(2)The primary group in which the patients' basic 
information (such as name, sex, birthday, etc.) are the same 
is defined asPGroup. 

(3) The record set in which the patients' name are the 
same is represented byNSet. 

(4) The record set in which the patients' name and sex are 
the same is represented bySset 

.(5)The record set in which the patients' name, sex and 
birthday are the same is represented byBSet. 

(6) The target group in which the patients' personal 
information is the same is represented by TGroup. So all the 
patients’ identity in TGroupare belong to one person.  

 

 
Figure 4.  Matching algorithm flow chart 

The matching algorithm introduced in the paper [5-6], 
uses the method of comparing item by item. That means any 

two records in the database will be matchedonce. The 
essence of the above matching algorithm is using exhaustion 
method to solve problems. So this type of matching 
algorithm can be calledEMA (Exhaustion Matching 
Algorithm).This paper proposes a hybrid matching algorithm 
called HMA which combines divide-and-conquer method 
and exhaustion method.The algorithm flow chart of HMA is 
shown in Fig. 4. And the detailed algorithm flow of HMA is 
given as below. 

(1) The PGroup are got by categorizing the TSet based 
on the first level fields. Specifically, the name field are used 
to categorize theTSet, the output result are Nset.Next, the sex 
field are used to categorize the NSet, the output result are 
SSet. At last, the birthday field are used to categorize theSSet, 
the output result areBSet.In this paper, the BSet ,i.e., PGroup. 

(2) The TGroup are got by the matching the PGroup 
with the method of comparing one by one based on the 
second level fields.Specifically,any two records in PGroup 
will be matched one time by traversing PGroup.If the two 
records are meet the matching conditions, the two patient 
identities are belonged to one person. The two records will 
be joined in the person's TGroup; otherwise, next two 
records will be matched again. The matching conditions are 
that at least one of the fields in the second level fields are the 
same in the two records .Until any two records in the 
PGroup are matched once, the matching process are over. 

(3)At last, all the patients' target group can be established 
based on the step (1) and (2). And any patient's PIX index 
also could be built based on the patient's target group. 

Assume the size of TSet is  and the size of PGroupis , 
so ≪ . The time and space complexity of HMA 
are 	 , ,respectively. While in 
[5-6], EMA’s time and space complexity are , 

1  respectively.Moreover, theHMA could reduce 
the frequency of accessing database a lot than EMA .So the 
efficiency of HMA is much better than EMA. 

V. EXPERIMENT RESULT AND DISCUSSION  

Testing dataset is generated by the patient medical cards 
database of a hospital in Shanghai and its branch. There are 
more than four million records in the testing dataset.In order 
to verify the necessity of data preprocessing and feasibility 
of patient identifier matching algorithm, FSR is used to 
evaluate effectiveness of data preprocessing. The precision 
and recall rate used in the information retrieval are 
introduced as the evaluation criterion of patients’ identity 
matching algorithm. The precision rate and recall rate are got 
by the method of arithmetic average method.The comparison 
of FSR before and after data preprocessing are shown in 
Fig.5, and the comparison of  precision and recall rate are 
shown in Fig.6. 
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Figure 5.  Comparison of FSR 

 
Figure 6.  Comparison of the Precision Recall Rate 

As shown in Fig.5, the quality of testing dataset is much 
better than before after data preprocessing. Especially the 
mobile number field, its sparse rate is increased to 16.33% 
from 0.01%. Before data preprocessing, mobile number field 
is useless in patients’ identity matching. After that, mobile 
number can play an important role in patients’ identity 
matching. Therefore, after data preprocessing, there are 
much more accurate results. 

From the Fig.6, after data preprocessing, the precision 
rate and recall rate of patients’ identity matching have 
improved a lot. Both the precision rate and recall rate have 
improved more than twenty percent. The HMA’s precision 
rate and recall rate are near to the EMA, while the time 

complexity and space complexity of HMA is lower than 
EMA. Therefore the result has verified that HMA has lower 
complexity and fewer times of database accessing but with 
similar performance to EMA. 

VI. CONCLUSIONS  

Based on the historical reasons,one patient usually has 
many medical cards, so to create complete EMR 
information, the medical history information stored in each 
of his or her medical cards has to be collected. Concerning 
this issue, the paper first proposes establishing PIX index and 
PIX system to solve the medical card association 
problem.Then, puting forward the matching algorithm to 
identify all the medical cards of the same patient, finally the 
PIX index can be built successfully.Experimental results 
show that the patients’ identity matching algorithm has 
greatly improved the matching efficiency, matching accuracy 
and recall rate. In summary, this article possesses good 
reference value for creating electronic medical records and 
achieving electronic medical record information sharing. 
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