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Abstract. Earth and life sciences are at the forefront to successfully
include computational simulations and modeling. Medical applications
are often mentioned as the killer applications for the Grid. The complex
methodology and models of Traditional Chinese Medicine offer different
approaches to diagnose and treat a persons health condition than typical
Western medicine. A possibility to make this often hidden knowledge ex-
plicit and available to a broader audience will result in mutual synergies
for Western and Chinese medicine as well as improved patient care. This
paper proposes the design and implementation of a method to accurately
estimate blood glucose values using a novel non-invasive method based on
electro-transformation measures in human body meridians. The frame-
work used for this scientific computing collaboration, namely the China-
Austria Data Grid (CADGrid) framework, provides an Intelligence Base
offering commonly used models and algorithms as Web/Grid-Services.
The controlled execution of the Non-Invasive Blood Glucose Measure-
ment Service and the management of scientific data that arise from model
execution can be seen as the first application on top of the CADGrid.

Keywords: Traditional Chinese Medicine, Non-Invasive Blood Glucose
Measurement, Grid Computing, e-Infrastructure.

1 Introduction

Grid computing [1] promises to change the way scientists will tackle future re-
search challenges in a number of domains, including earth sciences [2], medicine
[3,4] and life sciences [5]. Service-oriented architectures (SOA) [6] are utilized in
Grid computing to facilitate the virtualization of heterogeneous resources, e.g.
data sources, computational resources, network and workload. Due to wireless
connectivity improvements and hardware getting mobile and constantly smaller
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and cheaper, the visions of ubiquitous [7] and mobile computing [8] are becoming
reality. Information is collected, exchanged and processed by specialized comput-
ing units embedded in the environment to achieve a certain task [9] and accessed
as needed on-the-way [10]. Enormous amount of data will be produced at a rate
never seen before in any field of human activity, requiring next generation grids
[11] to cope with and making use of it.

Traditional Chinese Medicine (TCM) [12] has different models and approaches
to diagnose and treat a persons health condition than typical Western medicine.
According to meridian-theory,which is an important part of TCM, meridians are a
secret to our biological and medical knowledge. Recently, several projects in China
started to investigate how modern measurement and information and communi-
cation technologies can support not only exact estimation of the meridian status,
but also to improve TCM in general [13]. Although Chinese and Western medicine
have a different understanding and approach to life, health, and illness - concerted,
complementary work between Western allopathy and Chinese medicine could re-
sult in an improved health system [14]. The problem of diabetis mellitus [15] is
urgent around the world (estimated 100 million [16]), in Austria approximately
300.000 people suffer from it [17]. To minimize short term problems (e.g. uncon-
sciousness, hypoglycemia) and severe mid and long term complications (e.g. blind-
ness and neuropathie), which are also very costly to treat, repetitive invasive blood
sugar measurements are needed with following medication modulation (typically
insulin for Type 1 and pills for Type 2 diabetics). Besides several negative medical
side effects (e.g. skin injuring), this way is also rather expensive.

This paper proposes the grid based implementation of a novel non-invasive
method for measuring human blood glucose values accurately and conveniently
by the use of a special medical meridian measurement instrument and the CAD-
Grid infrastructure [18]. The data obtained by this instrument are referred to
as meridian measurement data and can be analyzed by the meridian electro in-
formation transmission model [19] to derive human blood glucose values. This
model is implemented as a complex grid-based computing process that exe-
cutes a number of compute intensive algorithms. The controlled execution of
this process is done by the Non-Invasive Glucose Measurement Service, in short
NIGM-Service. A special subset of CADGrid-services will focus on receiving and
analyzing patients meridian measurement data coming from mobile devices and
thin clients. Splitting the process of vital parameter estimation into an evolve-
able, personalized data mining process and a rather simple source signal emitting
and recording phase has two main benefits: first, the infrastructure can easily be
applied to other target values and second, improvements to the involved data
mining services and process will directly result in a more precise and robust
estimation of the values. Diabetic patients as well as researchers in the field of
treatment of diabetes mellitus will highly profit from the realization of the above
mentioned scientific computing infrastructure.

This paper is organized as follows. In Section 2 the application domain is
described in order to provide the reader with domain specific background
knowledge. Section 3 describes the China-Austria Data Grid infrastructure and
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on top of it its first application the Non-Invasive Glucose Measurement Service
in Section 4. Section 5 gives a brief overview of available non-invasive methods
for measuring human blood glucose values. Finally, we conclude the paper and
mention our ongoing work as well as planned next steps in Section 6.

2 Application Scenario

The non-invasive method for measuring human glucose values used in the NIGM-
Service is based on the meridian-theory, according to which the human body has
14 acupuncture meridians. Each of these longitudinally distributed lines on our
human body has its main points, called source points, totally 24 [20]. Clinical
practices of TCM (especially acupuncture) have been guided by meridian theory
for thousands of years.

Exact estimation of the meridian status has been one of the pilot tasks of
TCM. In order to prove the meridian theory with modern methods a number
of special meridian measurement instruments were developed. Analyzing these
meridian measurement data with advanced data mining techniques and models
can lead to important information about human illness state and other health
relevant knowledge.

The electro signal measurement instrument sends an electric signal (white
noise) into one meridian source point and measures the corresponding signal
output at another source point either on the same meridian or on another merid-
ian. In particular a random electro signal with the maximal voltage less than
2.0 V is produced by the instrument. This process is illustrated in Figure 1.
According to international standard terminologies defined by the World Health
Organization on traditional medicine in the western pacific region [21], point 1 is
called “Ba Xie” and point 2 is called “He Gu”. These points are connecting two
different meridians through a special information channel. Zero potential points
are points on the human body that have the lowest electrical potential and are
usually located on finger tips and toes. In the context of electro signal measure,
zero point measures are used as reference values, in order to weight the electric
potential on a acupuncture point. The measurements obtained in this process
can, if analyzed by the meridian electro information transmission model, derive
diabetic patient’s blood glucose values.

Another instrument measures the subcutaneous impedance at acupuncture
points and its adjacent control points [20]. Also high sensitive CO2 analyzers
are used to measure transcutaneous CO2 emission [22] from the skin on cor-
relating meridian source points. Using clustering and frequent itemset mining
techniques, correlations among measured values of these points can be identi-
fied, e.g. start-end point correlation, symmetric point correlation etc., which is
useful knowledge for research in the meridian theory and thus aims to observe
the features of acupuncture and meridians. Deploying an e-infrastructure that
provides collaborative research with advanced data mining services, efficient data
and workflow management services, as well as visualization services contribute
to the progress in this domain.
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Fig. 1. The Electro Signal Measure on the left hand

3 CADGrid Infrastructure

Science has evolved in the past several decades from an empirical and theoretical
approach to one that includes computational simulations and modeling [23],
commonly known as enhanced science or e-science in short. The term e-Science
is often used to refer to highly collaborative computational science that uses
distributed software infrastructures, like grids in order to support shared efforts.
Technological progress in such e-Science infrastructures have enabled researchers
to run complex, computational investigations that include data access, analysis,
and largely automated model execution.

The China-Austria Data Grid (CADGrid) connects several research institu-
tions in both countries and provides an Intelligence Base offering commonly used
models and algorithms as services as well as compute and storage resources. Fur-
ther it is equipped with our workflow engine WEEP [24] allowing the users to
execute a number of pre-selected services in a controlled and efficient way.

The Intelligence Base is the heart of the CADGrid infrastructure, providing
participants a number of services aiming to support and accomplish user defined
research tasks. In general the services can be classified into four main groups, (a)
data analysis group includes services representing data mining and other special
data analysis algorithms (i.e. Kalman Filtering), (b) data managing and pre-
processing services covering issues that occur when working with different data
sources or when accessing data resources from different locations, (c) workflow
services that are necessary to provide the controlled execution of a number of
pre-selected services, and (d) the data visualization group including services for
data representation and visualization.

Three typical usage scenarios will exemplify how diabetic patients, medical
professionals, and researchers in the field of treatment of diabetes mellitus can
benefit from NIGM and its underlying grid infrastructure.
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Diabetic patients can measure the electricity information transformation
of their blood sugar values using the measurement instrument which will be
embedded into mobile devices such as PDA, cell phones and other handhelds.
Using the NIGM-Service offered via the Intelligence Base the measurement data
can be analyzed on the fly and the patient will be informed via messaging services
about his blood glucose values. Patients will benefit twice: first the incurred
expenses will be lower in comparison to conventional methods based on chemical
reactions and second patients will have a much more convenient method than
injuring their skin to receive the needed drop of blood for the chemical reaction.

Health professionals and services have a better surveillance of the pa-
tient’s illness and can adjust their therapy more efficiently based on the contin-
uously collected data.

Scientists from different institutions in different countries can work together
on common goals. This will require access to anonymized measurement data and
analysis services from different locations. Further they might want to share their
results among each other. The CADGrid Intelligence Base provides advanced
data management services enabling such requirements in an efficient and secure
way. By means of the online portals, scientists can access advanced data analysis
tools, computational power, and data resources and share elaborated results.

4 Non-Invasive Glucose Measurement Service

The NIGM-Service covers the process of computing patients glucose values from
meridian measurements. The service consists of the execution of several algo-
rithms, each one available as a standalone CADGrid service within the Intelli-
gence Base. Using the workflow engine WEEP [24], a predefined workflow rep-
resenting the NIGM-Service is deployed and available as one service within the
CADGrid Intelligence Base. Figure 2 illustrates the workflow with the visualized
outputs of each component.

In the following the non-invasive process of calculating patients blood glucose
values from meridian measurements is briefly described. More details can be
found in [19]:

Collect Measurement Data by running a measurement process with the
electro signal measurement instrument. This non-invasive painless process is
done by a health professional or any trained person on the hand of a patient. The
current prototype of the instrument is equipped with a USB interface and con-
nected to a PC, where the occurred measurement data is organized in two files.
One representing the input values and the other contains values of the measured
output signal. This data, referred to as meridian measurement data is sent to the
joint grid testbed where the NIGM-Service will be started. The NIGM-Service is
composed of a set of services implementing the following algorithms, which will
be executed one after the other, whereas each algorithm’s output represents the
input to the next algorithm.

System Identification is the first algorithm to be executed. A model is
set up for each measured input/output value pair describing the relationship
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Fig. 2. The Non-Invasive Glucose Measurement Service

between the corresponding signals. The resulting difference equation is used to
generate a standard output signal for a common input signal.

Kalman Filtering is further used to weaken the white noises and filter the
useful signals, as well as useful noises. In fact, the useful signals are the true data
retrieved from the meridians. However, the measurement data is blended with
different kind of noises: physical, chemical, and biological noises. These noises can
represent the patient’s condition and feelings at the moment the measurements
were taken i.e. fear, hotness, etc. and also the surroundings of the patient i.e.
noisy or electromagnetic environment. The first kind of noises represent useful
information (color noise), whereas the latter one (white noise) are of less interest.
Although they need to be extracted in order to get data that is close to the true
data. This process is defined as optimal estimation of measured true data, which
is blended by white and color noises and is covered within the Kalman Filtering
service.

Wavelet Transformation takes the graph containing the optimally esti-
mated data produced in the previous step and splits it into several frequency
levels. Each generated new graph, referred to as wavelet represents the origin
time domain graph from different frequency levels. This mechanism of exper-
imental data processing provides the most visual and informative picture of
the measured data and allows finding peculiarities of the signal in the area of
the wavelet. Hence the wavelet with the most important graph is selected and
forwarded to the next algorithm. It is to say that choosing a best wavelet for
calculating the blood glucose values is in the current state of research progress
an optional step and needs to be elaborated in detail.
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Fast Fourier Transformation is then executed in order to produce the
frequency domain representation of the time domain graph used in the previ-
ous algorithms. A frequency domain graph shows how much of the signal lies
within each given frequency band over a range of frequencies. Further the so
called electro-transformation-character-values are computed. These values, such
as maximum, integral, center point, etc. represent the characteristics of the pro-
duced graph. These are the main inputs for the next step which is to setup a
back propagation neural network.

Back Propagation Neural Network. In general such a model is used to es-
tablish a mathematical model describing the relationship among two data series.
The two data series in our model are the electro-transformation-character-values
on one side and conventionally measured glucose values, serving as training data
in order to set up the model. The model has to be trained first, pictured in the
left corner of the figure above. During this phase, in addition to each meridian
measurement a conventional method has to be used to get reference values. Once
a model is set up for a patient it can be used to compute the patient’s glucose
values for a given set of electro-transformation-character-values without conven-
tionally measured values. In order to maintain the model, reference values have
to be measured again in a certain time interval (e.g. once a week) and the model
must be re-evaluated to accommodate recent changes and developments in the
patient health condition and to further improve precision and robustness.

5 Related Work

The development of non-invasive methods for measuring human blood glucose
values has been targeted by a number of research institutions all over the world.
The most common non-invasive methods were categorized into two broad cate-
gories [16]: (a) blood glucose measurement with external factor and (b) without
external factor (based on the theory that blood glucose values can be derived
from glucose concentration in human body liquids like tears, urine and saliva).
The latter cannot be used for continuous measurement of glucose concentration
in blood. Methods with external factor are described in the following:

Electromagnetic Radiation. Here electromagnetic radiation (EMR) is used
as an external factor for the non-invasive measurement of glucose value in blood.
The optical characteristics of the tissue are observed and analyzed when a human
body is exposed to EMR. Experiments have shown that optical methods are not
sufficient to calculate blood glucose values accurately, therefore other external
factor techniques like mechanical stimulation of tissues and analysis of light
scattering are more frequently used.

Eye Sensitivity to small color changes. In this technique the value of
glucose in blood is measured from the eye sensitivity to small color changes
where wide range of wavelengths, filters and detectors are used.

Endogenous Method. This method correlates changes in the glucose value
to changes in the electro-physiological activity of certain peripheral nerves.
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Changes in their endogenous physiological and biochemical functions are ob-
served from which the glucose value is calculated.

Nuclear Magnetic Resonance. In this method the nuclear magnetic res-
onance spectrum and water resonance are considered. Blood glucose values are
calculated on the basis of theory that the ratio of the resonance frequencies
correlates with the blood glucose level.

Our approach has the advantage to split the process of blood glucose value
estimation into a developable, personalized data mining process and a rather sim-
ple source signal emitting and recording phase. Improvements to the involved
data mining services and overall process can be deployed remotely and will di-
rectly result in a more precise and robust estimation for the patient without
the need to change the client environment. Another important benefit of our
approach is that the introduced concept of local measurement and remote per-
sonalized estimation is general applicable to various scenarios, e.g. for estimating
another vital parameter like blood pressure.

E-Health [25], the use of information and communication technologies to im-
prove or enable health care, will have various impacts on health care services [26]
and the quality, cost and efficiency of patient care [27]. Health Grids [27] are going
to be used for the individualized health care and the epidemiology analysis. The
former is improved by the secure and efficient combination of the widespread per-
sonal clinical information and the availability of advanced services for diagnostic
and therapy. The latter combine the information from a wide population to ex-
tract the knowledge that can lead to the discovery of new correlations between
symptoms, diseases, genetic features or any other clinical data. An example of a
project serving both directions is @neurIST [3], which aims to create an IT in-
frastructure for the management of all processes linked to research, diagnosis and
treatment development for complex and multi-factorial diseases - currently focus-
ing on cerebral aneurysm and subarachnoid haemorrhage.

The recently started EU project OLDES [28] includes a pilot application fo-
cusing on older persons suffering from Type 2 diabetes mellitus. The main aim
is to provide a low-cost and easy-to-use health care platform, including a con-
tinuous glucose monitoring system. All measured data, including other vital
parameters, will be transferred wirelessly to the patient’s health provider. This
will enable a better surveillance of the patient’s health status and more efficient
adjustment of therapy. While we are having the same overall aims as OLDES -
namely the reduction of acute and chronic complications of diabetes and a more
effective prevention of emergencies, resulting in the reduction of the frequency
of hospitalizations and increased quality of life - we are targeting also the com-
monly younger, more mobile and active Type 1 diabetics with our non-invasive
measurement method, but not providing such a comprehensive health platform.

6 Conclusions

This paper has outlined the China-Austria Data Grid framework in the context
of its first application, namely the Non-Invasive Glucose Measurement Service,
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in short NIGM-Service. The key contribution in this paper is the grid based
implementation of a novel non-invasive method for accurate estimation of blood
glucose values based on electro-transformation measures in human body merid-
ians. The presented approach has two main benefits, by splitting the process of
vital parameter estimation into an evolve-able, personalized data mining pro-
cess and a rather simple source signal emitting and recording phase: first, the
infrastructure can easily be applied to other target values and second, improve-
ments to the involved data mining services and process will directly result in a
more precise and robust estimation of the values. It follows from the discussion
in this paper that the treatment of diabetic patients will be the first domain
highly profiting (improvement of quality of life, economical aspects, etc.) from
the NIGM-Service. However, the scientific computing infrastructure presented
in this paper also establishes the basis for a number of future applications and
extensions to other domains.
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