
International Journal of Smart Home  

Vol. 6, No. 2, April, 2012 

 

 

59 

 

Implementation of a Handheld Compute Engine for Personal Health 

Devices 
 

 

KeeHyun Park and JuGeon Pak
*

                                                           
*
 Corresponding author 

Department of Computer Engineering, Keimyung University, Daegu, South Korea 

{khp, corea}@kmu.ac.kr 

Abstract 

In this paper, we propose a handheld Compute Engine (CE) for personal health devices 

(PHDs). The CE is a device that receives measurements from more than one PHD, and 

collects, analyzes and displays the received measurements. It also transfers the collected 

measurements to a remote monitoring server for more informative analysis. We implement 

the CE on a handheld device (i.e., smartphone) to provide seamless health monitoring 

services for patients or users. On the basis of the proposed CE, we construct a u-healthcare 

system comprising two PHDs: a medication dispenser and a pulse oximeter. The PHDs 

transfer their measurements to the CE, and the CE displays the received measurements. The 

application results show that the proposed CE operates properly. 
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1. Introduction 

In recent years, many researchers are focusing on ubiquitous-healthcare (u-healthcare) 

services that provide patients with continuous health monitoring, real-time health coaching, 

and intervention. Such services are being developed continuously owing to the increasing 

severity of social issues. Owing to this trend, personal health devices (PHDs) such as activity 

monitors, medication dispensers, pulse oximeters, and blood glucose phones have emerged as 

key components of u-healthcare systems [1, 2].  

A PHD is a device that measures patient health data and transfers it to a compute engine 

(CE), such as a smartphone or personal computer, for analysis and display. A CE collects, 

analyzes and displays patient health data from more than one PHD. It also transfers the 

collected data to monitoring server (MS) for more informative analysis.  

In this paper, we implement the CE on a handheld device (i.e., smartphone) to provide 

seamless health monitoring services for patients or users. On the basis of the proposed CE, we 

construct a u-healthcare system comprising two PHDs: a medication dispenser and a pulse 

oximeter, developed in our previous studies [3, 4]. The medication dispenser delivers 

medication to chronic disease patients according to a predetermined schedule, and the 

pulse oximeter measures a user’s SpO2 and pulse rate non-invasively. These PHDs 

transfer their measurements to the CE using the ISO/IEEE 11073 protocol [5] which is the 

international standard for personal health devices. The CE analyzes and extracts 

measurements from the 11073-based messages, and displays the measurements to users. The 

application results show that the proposed CE operates properly.  
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The remainder of this paper is organized as follows. Section 2 introduces the architecture 

of existing u-healthcare systems, and the proposed handheld CE. Section 3 presents the 

application results of the proposed CE, and Section 4 summarizes and concludes the paper. 

 

2. Proposed Handheld Compute Engine 
 

2.1. General Architecture of u-Healthcare Systems 

u-Healthcare systems are being studied intensively owing to the increasing severity of 

social issues. Some studies have been conducted into the development of PHDs such as 

activity monitors [6, 7], medication dispensers [8, 9], and pulse oximeters [10, 11]. These 

PHDs measure and acquire different kinds of health data (e.g., medication status, caloric 

expenditure, pulse rate) at the patient’s home. In addition, standard protocols for plug-and-

play interoperability have been actively investigated [12]-[15]. Figure 1 shows the general 

architecture of u-healthcare systems.  

 

 

Figure 1. Architecture of the Proposed u-healthcare System 
 

•  PHD: A PHD is a device that measures patient health data. PHDs are usually installed 

at the patient’s home. 

•  CE: A CE is a device that collects patient health data from more than one PHD, and 

transfers the collected data to an external device for analysis and display. Smartphones 

and PCs are typically used as CEs. 

•  MS: A MS is a device that analyzes the health data received from CEs, and provides 

analysis results. It also provides patients with a web-based user-interface (UI) for 

analysis feedback. 

In general, PHDs are small and light weight and therefore they have constraints such as 

low power, limited memory and low bandwidth. To address the constraints, PHDs should 

transfer their measurements to a device that has better performance (i.e., a CE). A CE plays 

two important roles in the u-healthcare systems: it collects, analyzes and displays patient 

health data from more than one PHD. And it also transfers the collected data to MS for more 

informative analysis.  
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2.2. Handheld CE 

To provide seamless health monitoring services for users, we design and implement a CE 

on a handheld device (i.e., smartphone). The CE receives measurements from PHDs and 

conveys them to an external MS. Figure 2 shows the architecture of the CE. 

 

 

Figure 2. Architecture of an Integrated Gateway 
 

•  User Interface: displays the measurements in graphical forms. 

•  Session Handler: manages a communication session with a PHD. It maintains a 

connection with the PHD until a session is complete. 

•  Authentication Manager: authenticates the credential information. 

•  Message Analyzer: extracts measurements from the received 11073 message. 

•  Message Generator: generates measurement request messages for PHDs. 

•  Database Handler: extracts/stores the configuration and measurements of each PHD. 

 

3. Application and Experimental Results 

In this section, we present the results of applying the proposed CE to a u-healthcare 

system. We use a medication dispenser, and a pulse oximeter, developed in our previous 

studies [3, 4], as PHDs of the u-healthcare system. The medication dispenser delivers 

medication to chronic disease patients according to a predetermined schedule, and the pulse 

oximeter measures a user’s SpO2 and pulse rate non-invasively. The 11073-10472 [16] and 

11073-10404 [17] are applied to the medication dispenser, and pulse oximeter, respectively. 

Figure 3 shows the PHDs used in our u-healthcare system. 
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Figure 3. Applied PHDs 
 

The CE is implemented on a smartphone (LG-LU2300). It operates on a 1-GHz T1 OMAP 

3630 processor, and runs on Android 2.2. In addition, an embedded SQL database, SQLite 

[18], is used for the database. The CE and PHDs are connected via Bluetooth, and the CE and 

MS are connected via WiFi. Figure 4 shows the CE’s main menu, profile menu (which 

represents the user information), and display menu (which represents health data in graphical 

form). 
 

      

Figure 4. User Menus of the Integrated Gateway 
 

The MS was implemented in C# on a desktop computer with an Intel Core 2 Dual 

processor (2.66 GHz) and 1024 MB of RAM. In addition, MSSQL was used for the database. 

It analyzes an integration message received from a CE, and provides analysis results. Figure 5 

shows the implemented MS. Based on Figure 5, the MS receives an integration message from 

CE and displays measurements of each PHD properly. 

 

     

Figure 5. Graphical UI of MS 
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4. Conclusion 

In this paper, we proposed a handheld CE for PHDs. The CE receives measurements from 

PHDs, and collects, analyzes and displays the received measurements. It also transfers the 

collected measurements to a remote MS for more informative analysis. We implemented the 

CE on a smartphone to provide seamless health monitoring services for patients or users. On 

the basis of the proposed CE, we constructed a u-healthcare system. The application results 

showed that the proposed CE operates properly. In the future, we plan to consider 

transmission efficiency issues which may arise during transferring measurements to the 

MS. 

 

Acknowledgements 
 

This research was supported by the Basic Science Research Program through the National 

Research Foundation of Korea (NRF), funded by the Ministry of Education, Science and 

Technology (No. 2011-0207). 

 

References 
 
[1]  A. O'Brien and R. M. Ruairi, “Survey of Assistive Technology Devices and Applications for Aging in Place”, 

Proceedings of the 2nd International Conference on Advances in Human-Oriented and Personalized 

Mechanisms, Technologies, and Services, (2001) September 20-25; Porto, Portugal. 

[2]  A. Dittmar, F. Axisa, G. Delhomme and C. Gehin, Stud. Health Technol. Inform. 108, (2004). 

[3]  J. G. Pak and K. H. Park, J. Health Inf. Manag. 41, 1, (2012). 

[4]  J. G. Pak and K. H. Park, “Pulse Oximeter Monitor for u-health Service”, Proceedings of the 2012 
International Conference on Computer and Applications, (2012) March 30-31; Seoul, Korea. 

[5]  IEEE Std. 1073 ™- Standard for Medical Device Communication – Part 00000: Framework and overview. 

[6]  J. Bussmann, W. Martens, J. Tulen, F. Schasfoort, H. van den Berg-Emons and H. Stam, Behav. Res. 
Methods. 33, 3 (2001). 

[7]  J. J. Segura-Juarez, D. Cuesta-Frau, L. Samblas-Pena and M. Aboy, IEEE T. Bio-med. Eng. 51, 9, (2004). 

[8]  V. F. S. Fook, A. A. P. Wai, M. Jayachandran, B. Jit, P. H. Lee and P. Y. L. Kiat, J. Assistive Robotics and 
Mechatronics. 9, 1, (2008). 

[9]  P. H. Tsai, T. Y. Chen, C. R. Yu, C. S. Shih and J. W. S. Liu, J. IEEE Systems, 5, 1, (2011). 

[10]  T. Pedersen, P. B. Dyrlund and A. M. Moller, J. Syst. Rev. 3,  (2009). 

[11]  N. Watthanawisuth, T. Lomas, A. Wisitsoraat and A. Tuantranont, “Wireless Wearable Pulse Oximeter for 

Health Monitoring using ZigBee Wireless Sensor Network”, Proceedings of the 2010 International 

Conference on Electrical Engineering/Electronics Computer Telecommunications and Information 
Technology, (2010) May 19-21;  Chiang Mai, Thailand. 

[12]  L. Schmitt, T. Falck, F. Wartena and D. Simons, “Novel ISO/IEEE 11073 Standards for Personal Telehealth 

Systems Interoperability”, Proceedings of the 2007 Joint Workshop on High Confidence Medical Devices, 
Software, and Systems and Medical Device Plug-and-Play Interoperability, (2007) June 25-27; Boston, MA 

[13] I. Martinez, J. Fernandez, M. Galarraga, L. Serrano, P. de Toledo, S. Jimenez-Fernandez, S. Led, M. 

Martfnez-Espronceda and J. Garcia, J. IET Commun. 2, 2, (2008). 

[14]  M. Clarke, D. Bogia, K. Hassing, L. Steubesand, T. Chan and D. Ayyagari, “Developing a Standard for 

Personal Health Devices based on 11073”, Proceedings of the 29th Annual International Conference of the 
IEEE Engineering in Medicine and Biology Society, (2010) August 23-26; Lyon, France. 

[15]  D. P. Bogia, “Supporting Personal Health Devices through Standardization and Collaboration”, Proceedings 

of the 13th IEEE International Conference on e-Health Networking Applications and Services, (2011) June 

13-15; Columbia, MO. 

[16]  IEEE Std. 11073-10472 ™- 2010 Health Informatics – Personal Health Device Communication – Device 

specialization –Medication Monitor. 



International Journal of Smart Home  

Vol. 6, No. 2, April, 2012 

 

 

64 

 

[17]  IEEE Std. 11073-10404 ™- 2008 Health Informatics – Personal Health Device Communication – Device 
specialization –Pulse oximeter. 

[18] SQLite, http://sqlite.org. 


