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ABSTRACT 

The traditional sphygmomanometers only monitor the 
blood pressure and heart rate, which are generally too 
simple to reflect the health condition of cardiovascular 
system Recenfly, the advance of hemodynamic analysis of 
sphygmogram promotes the novel cardiovascular 
monitoring devices. These devices generally can extract 
more than 20 vital signs from sphygmogram, However, 
since most of the vital signs are loo professional for home 
users, it is essential to well design the accompanied medical 
advisory system for easy acceptance in home hedthcare. 
Here a hierarchical medical advisory system is proposed to 
generate exception alarming messages and provide 
comprehensive healtb assessment as well as intelligent 
medical diagnosis. Due to the self-adaptive medical 
knowledge base, this embedded system is  able to provide 
the considerable medical services while adaptive to the 
resource-limited mobile platform The cardiovascular 
monitoring device has been successfully implemented in an 
ARM-based mobile platform. 

1. INTRODUCTION 

It is well known that cardiovascular diseases are 
ubiquitous and dangerous for people’s life. But awing to 
the well tolerant cardiovascular system, it is difficult to 
perceive the potential dysfunctions via the traditional 
sphygmomanometers, which only provide the limited 
medical information such as blood pressure, heart rate, 
etc. But as to another widely accepted device - 
electrocardiograph, without the effective autonomous 
interpreter of electrocardiogram, it is too complicated for 
home users so just acts as the auxiliary data collector. 
According to the successive research on hemodynamic 
analysis of sphygmogram, it is promising to construct 
the novel devices to reflect the health condition of 
cardiovascular system [ 1-21. However, limited by the 
resources of hardware and software, most of the 
proposed systems were not widely accepted due to the 
clumsy volume and awkward user-interface, etc. 
Now benefited from the advance of embedded systems, 
it is feasible to implement the. novel cardiovascular 
monitoring device in a self-contained mobile platform, 
which provides higher computing performance and more 
powerful communicating ability as well. Then, the left 
research will concentrate on the accompanied medical 
advisory system. Here the proposed eMAS (embedded 
Medical Advisory System) is well articulated with the 
MCMD (Mobile Cardiovascular Monitoring Device) and 

provides hierarchical medical advices for home users. It 
will greatly promote the acceptance of cardiovascular 
monitoring devices, based on hemodynamic analysis of 
sphygmogram, in home healthcare. 

2. SYSTEM DESCRIPTION 

As mentioned previously, the MCMD will be built on a 
mobile platform. Here the highly integrated ARM 
platform is adopted and most of the involved processing 
units, including data acquisition, medical advisement and 
information storing, could be conducted merely in such a 
self-contained system. On the same time, as the 
front-end device merged in the e-Healthcare system, the 
MCMD could accomplish information exchanging, such 
as‘data backup and knowledge updating, with health 
centers ascribe to the inherent network ability. In the 
following, according to the information flow, the 
MCMD will be described via three independent 
modules: data acquisition unit, embedded medical 
advisory system and networking unit. 

2.1. Data acquisition unit 

It is known that the pulse wave comes from the 
comprehensive action of cardiovascular system: cardiac 
activity, vascular and blood status, etc. Hence the 
hemodynamic analysis mostly depends on the waveform 
of sphygmogram. The related theories have been verified 
by plenty of clinical experiments and promoted by the 
sophisticated research on the mechanical simulating 
systems [3]. 
To figure out the vital signs from sphygmogram, first of 
all, the effective medical sensor is critical for later 
accurate analysis. Then, in terms of the sphygmogram 
reconstructed from the medical sensor of pulse wave, 
firstly, it is demarcated by the symbolic blood pressure 
(SP) and the diastolic blood pressure (DP), both of which 
are generally measured by the additional 
sphygmomanometer. Secondly, the property points, such 
as ’el’ (end of blood ejection of left ventricle} and ‘f 
(open of mitral valve), are anchored automatically by the 
algorithm of location. Then, with the help of 
sophisticated aIgorithm for sign extraction, the desired 
vital signs could be figured out for later medical 
processing. 

0-7803-8665-5/04/$20.00 02004 IEEE 

$2.1-1 BioC-AS2004 

Authorized licensed use limited to: Universidade de Macau. Downloaded on September 26, 2009 at 03:09 from IEEE Xplore.  Restrictions apply. 



Figure 1 Data acquisition unit 

2.2. Embedded medical advisory system 

As stated previously, the MCMD is distinguished due to 
the accompanied eMAS. Once the vital signs are derived 

. from sphygmogram, besides‘ the traditional alarming. 
message for exceptional symptoms, the MCMD will 

.provide comprehensive health assessing and intelligent 
medical diagnosis. Hence, compared with the traditional 
monitoring devices, the MCMD is more helpful for 
home users to learn their intrinsic health condition. 
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Figure 2 The eMAS module 

From Figure 2, the eMAS comprises three interacting 
modules. For intuitional indication of health condition, 
the MCMD generates the alarming message via LEDs. 
However, due to there are more than 30 vital signs, and 
most of them seem too professional for home users, the 
MCMD can track and monitor the essential vital signs 
according to the other modules’ health assessing and 
medical diagnosis. For example, if it is potentially 
dysfunctional for the microcirculation system, the 
MCMD will track the related vital signs: 

“ALK (blood half renew K-value)”; 
“ALT (blood half renew time)”; 
‘TM (blood mean stay time)”, etc. 

But the anchored vital signs maybe vary due to the 
evolution of health condition. Whatever, the predefined 
“Red”, “Yellow” and “Green” LEDs will be activated 
corresponden tly. 
In h e  MCMD, the acquired vital signs will be 
simultaneously submitted to the other two modules, 
namely, comprehensive health assessing and intelligent 
medical diagnosing. In terms of the health assessing 
module, it provides the comprehensive health condition 
of cardiovascular system, such as ‘%Blood vessel is lack 
of elasticity” and “Pulmonary circulation is 
dysfunctional”. Moreover, the effective medical advices 

are also provided, including “Diet”, ‘CEXercise”, 
“Therapy of Chinese Medicine” and other regimens. 
Finally, the MCMD tries to find out the potential 
cardiovascular diseases, which are referred by home 
users and medical professionals as well. It means that 
once some specific diseases are involved and critical €or 
cardiovascular system, not simply feedback to home 
user, the MCMD will submit the related information to 
health centers and request the help of medical 
professionals. The medical advisory system will be 
further detailed in the following section. 

23. Networking 

DCVdOQlrrnt  Bonrd 

Figure 3 The distributed framework of network 
communication 

Traditionally, Iimited by their resources, the mobile 
health monitoring devices only record and save several 
times of medical information. Thereby these devices 
need to submit these data to health centers frequently, 
not only for information backup, but also for medical 
advices of medical professionals. Similarly, in terms of 
the MCMD, the related information includes: firstly, it 
can realize the automatic medical data backup to health 
centers; secondly, the customized medical knowledge 
base will be updated according to the evolution of health 
condition; thirdly, the’medical diagnosis can be referred 
by medical professionals and their medical advices will 
be sent back to home users. 

3. MEDICAL ADVISORY SYSTEM 

Given the distributed framework of e-Healthcare system, 
here the proposed medical advisory system consists of 
server-end in health centers and compact eMAS residing 
in the mobile platforms. Such distributed medical 
advisory system contributes to information share for 
better medical support as well as the limited systematic 
resources in terms of MCMD. 
As a knowledge-based system, the diagnostic knowledge 
base determines the systematic performance. Here the 
knowledge base comprises a series of medical rules 
expressed as foIlowing: 
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R, : {A[(S&z, Attribute)! 1 Hypothesis,, weight, 1 1  
3 (h(Disease I Hypothesis), ] CF, (1) 

where the subscript ‘1’ means the t-th medical rule; ‘i’ is 
the i-th antecedent and similarly, ‘j’ is the j- th 
consequent of the specific medical rule. Moreover, &e 
“sign” belongs to the derived vital signs from 
sphygmo ram and its attribute is the fuzzy variable such 
as “Very Upgrade”, “Very Wpgrade”, “More or Less” ... 
And ‘I’ means the alternative item. The last, ‘CF means 
“Certainty Factor” associated with the specific rule. 
In the proposed system, it tries to solve the uncertainty 
diagnosis via the theory of belief function including 
weights of antecedents and the certainty factor of 
medical rule. Hereby in terms of medical diagnosis, the 
frst is an accumulative procedure of weights due to 
incomplete matching, Then combined with the certainty 
factor, the accumulated weight is furthered as the 
candidate confidence of result: 

CR(Hypothessis,) = M A X { ( C F , ~  weightv)) (2) 

C R ~  (Disease, = CF” C (weightmq * [I I CR, I) (3) 

(4) 
In (Z), the involved “hypotheses” should be fHstly 
worked out for later medical diagnosis of cardiovascular 
diseases. Consequently, as to the specific medical rule 
with hypotheses involved, its uncertainty comes from the 
weights of antecedents as well as the confidence of 
hypotheses as shown in (3). AI1 of the inference rules 
(2)-(4) act as the diagnostic foundation of medical 
advisory system. 

P 

P 

4 

CR * (Disease, ) = MAX{ L (CR” ) ) 

3.1. Diagnostic knowledge base 

Generally, the medical professionals play the critical 
roles during the construction of knowIedge base. 
Therefore, quite a few medical advisory systems fail due 
to lack of the effective medical support. In the proposed 
system, most of medical rules come from the module of 
knowledge discovery. However, the contributions of 
medical professionals include knowledge induction, rule 
assessment and medical instruction, etc. 

3.1.1 Knowledge acquisition. The frst  part comes 
from knowledge induction of medical literatures. But the 
diagnostic base mainly consists of the knowledge 
elicited from the case base, which is accumulated from 
the monitoring dataset of the diagnosed patients. 
In the beginning, the discovered medical rules obey the 
following format: 

R :  {A[(Sign,Attribuk),  I Hyporhesis, I }  
3 { A(Disease I Hypothesis), } CF (5 )  

Then, the method based on statistical average and 
generalization is proposed to weight the antecedents. For 
the specific i-th antecedent “(Sign, Atm‘bute)? or 
“Hypothesis;’, if it exists in v piece of medical rules, the 
weight could be worked out as follows: 

weight, = C CF, f v 

For every medical rule, the weights of antecedents are 
further generalized as (7). For example, if the t-th 
medical rule comprises s antecedents, the k-th weight: 

weight,: = weight,k /t weight, (7) 
. P I  

Then, the medical rules in (5) are converted into the 
rules compliant to (1). 

3.1.2 Knowledge customizing and updating. For each 
MCMD, since the available medical information 
depends on the integrated medical sensor, it is 
reasonable to customize and optimize the accompanied 
diagnostic base. In this procedure, the deterministic 
factor is the capability of medical sensors. Then, with the 
evolution of health condition, the MCMD will update the 
obsolete diagnostic base while necessary. Consequently, 
though limited by the systematic resources, in terms of 
the specific home user, the MCMD could realize the 
considerable medical services and always acts as the 
personalized physician. 

3.2. Inference machine 

As mentioned previously, the inference machine is 
developed based on the inference rules (2) - (4). Then, 
as in (8), the diagnostic results could be selected 
according to their confidence: 

(8) 
However, to provide more useful medical information, 
the MCMD still feedback! the diagnostic results greater 
than a pre-defined threshold value. In addition, for 
reference of home users and medical professionals, 
besides the confidence of diagnostic results, the MCMD 
also provides the unmatched antecedents and their 
weights for each diagnostic result. 

M+x ( CR * (Disease, ) } 

4. PROTOTYPING SYSTEM 

Presently, the proposed MCMD has been realized on an 
ARM-based mobile platform - HHARM2410@. The core 
system, seeing Figure 4, consists of the ARM9 chip 
“ S a m ~ u n g ~  S3C2410”, 64M SDRAM and 16M Flash. 
Benefited from the sophisticated hardware 
configurations, an embedded Linux* is installed to 
coordinate the involved information processing. 
Eventually, the critical modules of MCMD, including 
signal processing, embedded medical advisory system 
and network communication, have been condensed into 
such a “64mm x 40mm x Xmm” microsystem. 
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Figure 4 The core component of MCMD 

As to the peripheral interfaces and components, ‘WSB”, 
“Ethernet network port” and “LCD adapter” have been 
integrated in the mentioned deveioping board. Only the 
commercial medical sensor of sphygmogram 
“HK2OOOC”” and the TET LCD need to be extended. 
The self-contained MCMD is shown in the following 
Figure 5. 

Figure 5 The prototyping system for MCMD 

5. CONCLUSION 

In this paper, an embedded medical advisory system is 
proposed for mobile cardiovascular monitoring devices. 
It is featured for the hierarchical medical advising 
system: besides the traditional LED-alarming message, 
the comprehensive health assessing and intelligent 
medical diagnosing are also provided. Benefited from 
the distributed networking framework and uncertainty 
medical decision-making support, it can provide mork 
believable medical advices for home health monitoring. 
Compared with the existing commercial systems, such as 
DynaF’ulse@, AZN-E” and so on, the MCMD is leading 
in terms of usability, mobility, and especially, the 
embedded medical advisory system, Hereby it will 
contribute to the application of cardiovascular 
monitoring devices in home healthcare. 
However, though it is effective to deal with uncertainty 
via the belief function, the performance yet greatly 
depends on the parLicipation of medical professionds. 
Obviously, the methods of soft computing such as 
combining neural networks and fuzzy logic are more 
attractive for further research. In addition, there is still 

. 

much consideration to condense the intelligent 
cardiovascular monitoring devices for wearable health 
monitoring. 
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