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Abstract— Mobile healthcare services have received growing 
attention due to the rapid technical advancement of sensor 
devices, sensor networks, and mobile data transmission. 
Healthcare monitoring services, in general, lack the needed 
sophistication for the acquisition of the huge amount of 
healthcare data generated from mobile users. The overhead of 
filtering out a large amount of unnecessary data that are not 
directly useful for the healthcare applications is unavoidable. In 
this paper, we propose a healthcare service architecture and 
introduce data acquisition software using a database querying 
facility as a solution to the problem. Our proposed service 
architecture with the data acquisition scheme effectively bridges 
the gap between the healthcare application domain and the 
acquisition of physical data. 

Keywords—healthcare monitoring; healthcare data acquisition; 
healthcare sensor network 

I. INTRODUCTION 
The rising demand for healthcare practices with the rapid 

evolution of high speed mobile data networks and sensor 
technologies is stimulating the IoT-based healthcare service 
market [1]. Users are more and more interested in constantly 
having their healthcare data anytime and anywhere via various 
healthcare monitoring devices and fitness trackers, like Fitbit 
and Jawbone [2, 3]. In addition, medical analytics services, 
such as IBM Watson Health, provide users with the most 
advanced cognitive and analytic technologies from a diverse 
range of health sources [4].  

Many researchers have proposed healthcare systems for 
healthcare portal systems to find abnormal health states and 
extract context information, such as current activities and 
emotional status [5-9]. These systems utilize healthcare sensor 
networks for collecting individual healthcare data. They 
consist of different types of service nodes in a network: 
healthcare sensors (e.g., for heart rate, blood pressure, and 
respiration), a gateway for aggregating sensor data of users, 
and a base station for processing healthcare applications. On 
top of this healthcare sensor network model, existing systems 
typically have a service architecture in two layers: a sampling 
layer and an application layer. The sampling layer is 
embedded in the healthcare sensor nodes to sample the health 
data and transfer them to the application layer. The application 
layer at the base station consists of the acquisition module, 
repository module, result production module, and visualization 
module. In particular, the personal gateway is involved in the 
process of the data acquisition together with that of the base 

station. The base station receives the sampled data for storage 
and/or result generation.  

Existing studies mostly attempted to improve the 
performance of healthcare data processing and analysis, and 
accuracy [5, 6]. On the other hand, not much effort has been 
made on healthcare data acquisition issues to collect data most 
useful for healthcare applications rather than just static stream 
data for extra processing later. Acquisition of application-
specific (task-specific in other words) healthcare data is 
important for the efficient design of healthcare services and 
programming applications with no post-processing overhead 
against a massive amount of stream data. It also provides 
applications task-specific data stream at run-time. Energy 
consumption for collecting useless healthcare data is another 
important issue for both the personal gateway devices and the 
healthcare sensors with limited energy resources. 

In an effort to solve this problem, we introduce a database 
querying facility as a sophisticated solution software of the 
data acquisition module running in mobile healthcare 
monitoring service networks. The system will have the 
following abilities: to collect data that matches the requested 
types of health data and a given set of conditions; to create 
data streams with defined start- and end times; and to modify 
the resulting format according to user requirements. This study 
implemented a database querying facility of our database 
management system for mobile sensor networks as a data 
acquisition module for healthcare monitoring services. Sensor 
Network Query Language (SNQL) and Sensor Network Query 
Processor (SNQP) were designed and implemented as general-
purpose database querying software for sensor networks [10-
12]. SNQL is a SQL-based query language that is used to 
express how and what data are to be queried from a sensor 
network environment, and SNQP is a query processing system 
in association with sensor network topologies. We show how 
our SNQL and SNQP are designed and implemented as a 
healthcare data acquisition module in various mobile 
healthcare monitoring services.  

The remainder of this paper is organized as follows. 
Section 2 presents a mobile healthcare service architecture 
using a smartphone-based mobile network as the underlying 
network protocol for data acquisition. Section 3 describes how 
SNQL and SNQP are used as our proposed healthcare data 
acquisition system. Finally, we summarize this paper and give 
future work in Section 4. 
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Fig. 2. Typical functional architecture of existing healthcare service systems 

 
Fig. 1. Conceptual service model for a healthcare application system 

II. RELATED WORKS BASED ON HEALTHCARE SENSOR 
NETWORK MODEL 

Fig. 1 shows a conceptual healthcare service model using 
public mobile networks and smartphones as the personal 
gateway computer to collect healthcare data from sensor 
devices attached on mobile users. In this service model, 
various sensor devices are low-end physical nodes that sample 
various healthcare data, and smartphones are personal 
gateways to aggregate the data. The construction of sensor 
devices and the smartphone together is known as a Wireless 
Body Area Network (WBAN) in which a base station is the 
high-end server node as the healthcare service provider where 
various healthcare applications for domain services take place. 
This network model has the advantage of anytime-anywhere 
connectivity through existing network protocols, such as 
3G/4G for long-distance and Bluetooth or ZigBee for short-
distance wireless communications. This service model thus 
makes a very practical healthcare monitoring facility and is 
easy to implement as well.  

Many research efforts have been made to design healthcare 
monitoring systems [5-9]. Ji et al. [5] proposed a context 
analysis system that collects healthcare data from an 
underlying sensor network with various healthcare sensors in 
different network protocols (e.g., ISO, IEEE, HL7). The data 
acquisition part of the system consists of a middleware 
running on sensor nodes, a software agent running on the 
gateway, and a logging data node that plays the role of the 
base station. Healthcare data are periodically sampled from the 
sensor nodes to the logging data node. The sampled data are 
sent to the cloud which uses Hadoop File System (HDFS) for 
storage and Hive for analysis. 

Boudra et al. [6] proposed an intelligent medical 
monitoring system that notifies elderly people of alerts and 
warnings and recommends healthcare services to them. It 
leverages a cloud environment for storing collected healthcare 
data. The system then periodically samples healthcare data 
from wearable sensors attached to the patients. After that, 
RESTful web services are executed periodically to analyze the 
data that are retrieved from the cloud and it then uses a Jess-
based rule engine to obtain relevant context information to 
alert or suggest services with predefined rules. 

The existing healthcare service systems have a typical 
functional architecture as shown in Fig. 2. It can be divided 
into two layers, the data sampling layer and the application 
layer. The former extracts data from the sensor devices and 

delivers them to the data acquisition module as input to the 
application layer. Regardless of data acquisition requirements 
of the upper service layer, such as the sampling period, 
frequency, conditions, etc., a huge amount of stream data is 
sampled and aggregated up to the service layer according to 
the pre-defined sampling functions installed as system 
primitives. Therefore, the functionality of the acquisition 
module is very rigid and limited so that the healthcare 
applications can hardly acquire the right data stream in the 
right time at run-time. 

For pervasive healthcare monitoring, existing research 
groups have tried to standardize and integrate communication 
and data representation. On the one hand, in communication, 
ISO/IEEE 11073 Personal Health Device (PHD) standards 
standardize communication between healthcare devices and 
external computer systems [7]. In data representation, the 
Electronic Health Record (EHR) integrates and standardizes 
medical data stored in a different format. On the other hand, in 
data acquisition, Virone et al. [8] and Chen et al. [9] proposed 
a query processing system that handles a data stream for solely 
one user or one healthcare device. However, not much effort 
has been made to standardize a system procedure for efficient 
health data management of a large amount of users connected 
through mobile healthcare sensor networks. 

Our proposed design of the data acquisition function 
introduces a database querying facility to strengthen the 
design of healthcare application services. Our data acquisition 
module is composed of a query language and query processing 
parts. The query language, SNQL, gives application 
programmers a very high-level of expressiveness, and the 
query processor, SNQP, provides an efficient algorithm for 
data collection and aggregation from the various healthcare 
sensor nodes via smartphones as the personal gateway nodes. 
The intended goal is to supply data streams that are directly 
required for applications so that the healthcare monitoring 
service can return fast and accurate results.  

Fig. 3 shows the proposed service architecture with 
reinforced data acquisition functions with the database 
querying facility. The acquisition layer manages the topology 
of the healthcare sensor network to prepare to generate a data 
stream. An input to the data acquisition layer is a request for 
healthcare data from the application layer. In a request, the 
application layer passes information about the sampling period, 
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SELECT <select_item_expressions_list> 
FROM [<table_reference_list (table or subquery)] 
[WHERE <condition>] 
[SAMPLE PERIOD <time_unit> FOR <time_unit> | 
CASE [WHEN <condition> THEN SAMPLE PERIOD 
<time_unit>]+ 
    ELSE SAMPLE PERIOD <time_unit> FOR <time_unit> 
END] 
[GROUP BY <expression_list>] 

(a) SNQL Structure 
SELECT inner.name, inner.birth,  

inner.phoneno, inner.abnormal_DT 
CASE inner.abnormal_DT 

WHEN HR' THEN inner.hr 
WHEN 'Resp' THEN inner.resp 
WHEN 'Avg. BP' THEN inner.abp_mean 
ELSE 'none' 

END AS value, timestamp() 
FROM ( 

SELECT profile.name, profile.birth, profile.phoneno,  
CASE  

WHEN node.hr NOT BETWEEN 60 AND 130  
THEN 'HR'  

WHEN node.resp NOT BETWEEN 10 AND 25  
THEN 'Resp' // respiration 

WHEN node.abp_mean > 150  
THEN 'Avg. BP' // average blood pressure 

ELSE 'none'  
END AS abnormal_DT, // abnormal_data_type 

node.hr, node.resp, node.abp_mean 
FROM profile, node 
WHERE (node.hr NOT BETWEEN 60 AND 130 

OR node.resp NOT BETWEEN 10 AND 30 
OR node.abp_mean > 150) 
AND profile.age >= 40 

) inner 
SAMPLE PERIOD 10s FOR 12h 

(b) A target query of the improved middleware 
Name Age Phoneno Abnormal_DT Value Timestamp 
Kim 56 … HR 30 … 
Hyun 60 … Avg. BP 180 … 

… 
 

(c) Result of target query 
Fig. 4. Syntax of query language, target query, and result of target query 

 
Fig. 3. Proposed functional architecture of healthcare service systems 

start- and end times, data types, and conditions. Once it 
receives a request from the application layer, the data 
acquisition layer analyzes a request in the data request 
processing. The function of data request processing commands 
the acquisition function to acquire only the data streams that 
are requested by the application. The personal gateway 
computer (i.e., the smartphone) receives the sampled data 
from the sensors, aggregates only the qualified data, and sends 
them to the base station. 

III. USING SNQL AND SNQP 
In this section, we show how our proposed SNQL/SNQP-

based querying system as the data acquisition facility supports 
healthcare monitoring applications. We also demonstrate how 
SNQL/SNQP implements the sophisticated functions of 
healthcare data acquisition. However, a detailed description is 
beyond the subject of this paper and thus not given here. 
Interested readers are referred to [10-12]. 

SNQL is an SQL-based query language. Fig. 4-(a) shows 
the typical structure of SNQL. The basic structure of SNQL 
consists of SELECT, FROM, WHERE clauses. The FROM 
clause is used to retrieve or sample data with a list of tables 
and inline views. The WHERE clause includes conditions that 
have to be fulfilled by tuples to be returned. With this 
resulting set, the SELECT clause outputs only the set of 
columns that are specified in the clause. In addition, the 
SAMPLE PERIOD clause, the special clause in SNQL, 
expresses a time interval of sampling data and sets the lifetime 
of the query. Using SNQL and SNQP, the application layer 
easily expresses types of data and sets of conditions, creates 
data streams with sampling period and lifetime, and modifies 
the resulting format according to user requirements. 

To demonstrate the benefits of SNQL and SNQP, a target 
query for identifying abnormal health states is shown in Fig. 
4-(b). Using the FROM clause of the inline view, the query 
collects data from the profile and node table, which 
corresponds to the profile of the user and the sampled data of 
the sensor, respectively. The WHERE clause specifies the 
conditions of the way data are sampled for heart rate, blood 
pressure, and respiration. The Selection clause projects a list 
of columns: name, birth, phone number, abnormal data type, 
heart rate, respiration, average blood pressure, etc. The CASE 
gives added language expressiveness for the application to 
switch for different sampling conditions for different data 
types. SAMPLE PERIOD specifies the time constraints for 
data acquisition. Overall, as seen in the example programming 
for data acquisition, application developers and even end users 
are able to acquire the right data that are directly used for 

application vice. Fig. 4-(c) shows the result set of the data 
acquisition query. 

Fig. 5 depicts the procedure of processing the target query 
(Fig. 4-(b)), showing the versatility of the sensor database in 
the healthcare data acquisition. 1) The application layer issues 
the query. 2) the data acquisition layer receives a request to 
process a query and propagates an execution code of the query 
to personal gateways after parsing and query planning. 3) the 
personal gateways evaluates conditions with the profile data, 
and only the qualified gateways request data from their sensor 
nodes. 4) the sampled data are evaluated over the conditions, 
and the gateways send the result to the base station. 5) the base 
station aggregates the results and modifies the format suitable 
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Fig. 5. Outline of the target query execution process 

for the application layer. 6) Finally, it delivers them to the 
application layer.  

In the process of data acquisition, the sensor database 
eliminates unnecessary processes in the third and fourth 
phases, for instance, by excluding personal gateways of Mr. 
Shim and Mr. Lee. That is because the query specifies to 
collect healthcare data of those who are older than or equal to 
forty. Also, in the fourth, the healthcare data of Mr. Ryu do 
not satisfy the conditions of abnormal detection. Thus, the 
personal gateway for him does not send its collected data to 
the base station. This reveals a major difference from the 
existing healthcare service systems that typically lack 
functions to manage high-level data requirements to the 
personal gateways. 

IV. CONCLUSION AND FUTURE WORKS 
In this paper, we have presented a healthcare monitoring 

service architecture based on smartphone-based wireless 
mobile networks, smartphones as gateway devices, and 
wearable sensor devices as data sampling nodes. The proposed 
healthcare service model benefits from commercially available 
network protocols and smartphones for the practical 
implementation. We also presented our design of a 
middleware platform to better support the data acquisition 
operation in mobile healthcare sensor network environments. 
The data acquisition in the existing systems use pre-defined 
data collection mechanisms and thus needs a great deal of 
post-processing to filter out a sheer amount of unnecessary 
data. The management of energy-limited sensor network is 
another problem in securing a seamless acquisition of health 
data from mobile users. We introduced a database querying 
facility as a healthcare data acquisition platform using our 
sensor network database, SNQL and SNQP. We demonstrated 
how efficiently the proposed querying system supports 
healthcare applications in healthcare data acquisition.  
Although not given here, our system is undergoing a pilot 
operation. We plan to report the detailed development and 
performance evaluation in a separate paper.   
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