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(57) ABSTRACT

According to one aspect of the invention, there is provided an
electrocardiographic monitoring system including: a housing
configured to be attached to a creature body part, the housing
including: a plurality of electrodes confined within the
boundary of the housing, the plurality of electrodes arranged
a distance apart from each other and accessible from a same
exterior surface of the housing; a signal processor configured
to receive signals from any one or more of the plurality of
electrodes and transmit signals to any one or more of the
plurality of electrodes; and a transmitter configured to trans-
mit signals from the signal processor.
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ELECTROCARDIOGRAPHIC MONITORING
SYSTEM

FIELD OF THE INVENTION

[0001] The invention relates to an electrocardiographic
(ECG or EKG) monitoring system.

BACKGROUND OF THE INVENTION

[0002] Heart disease is one of the most common morbidi-
ties. The cost of care for recovering patients in hospital and
social/economic burden from patients with underlying heart
disease that is undetected has significant implication in the
long-term cost of healthcare.

[0003] In 2006, the cost for healthcare in the United States
rose to $2.1 trillion or 16 percent of the gross domestic prod-
uct (GDP). This correlates with the fact of an aging popula-
tion and an increase of chronic diseases, which account for
more than 75% of the total US healthcare costs. This effect is
to a large extent due to the aging society and a more sedentary
lifestyle.

[0004] However, this development is not restricted to the
US but is a worldwide problem that both developed and
developing countries are facing. Hence, a major challenge in
healthcare is to more efficiently provide high quality care for
an increasing number of patients using limited financial and
human resources.

[0005] Onaccount of widely publicized sudden death cases
occurring in the young and apparently healthy people during
routine exercise, the need for a personalized ECG monitoring
device that can be readily worn for cardiac surveillance is
required.

SUMMARY OF THE INVENTION

[0006] According to one aspect of the invention, there is
provided an electrocardiographic monitoring system includ-
ing: a housing configured to be attached to a creature body
part, the housing including: a plurality of electrodes confined
within the boundary of the housing, the plurality of electrodes
arranged a distance apart from each other and accessible from
a same exterior surface of the housing; a signal processor
configured to receive signals from any one or more of the
plurality of electrodes and transmit signals to any one or more
of the plurality of electrodes; and a transmitter configured to
transmit signals from the signal processor.

[0007] In the context of various embodiments, the term
“electrocardiographic monitoring system” may refer to one
or more devices used to detect and process electrocardiogram
(ECG or EKG) signals, which are an electrical representation
of the contractile activity of the heart over time. ECG indi-
cates the overall rhythm of the heart and weaknesses in dif-
ferent parts of the heart muscle, and can measure and diag-
nose abnormal rhythms of the heart. An ECG signal can be
represented by a cyclic occurrence of patterns with different
frequency content (QRS complexes, P and T waves). These
letters (Q, R, S, P and T) are arbitrary names give to five
deflections in an ECG trace (see numeral 1302 in FIG. 13).
The Q, R and S wave occur in rapid succession and reflect a
single event, so are thus normally considered as a whole
complex. A P wave occurs just before the QRS complex. A Q
wave is any downward deflection after a P-wave. An R-wave
is an upward deflection and the S wave is any downward
deflection after the R-wave. A T wave occurs just after the
QRS complex.
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[0008] In the context of various embodiments, the term
“housing” may mean a portable structure having suitable
dimensions that allow the housing to be attached to a creature
body part. The housing may have a length in the range of 5 to
10 cm, for example 7 cm; a breadth in the range 0of 4 to 8 cm,
for example 5 cm; and a height in the range of 2 to 5 cm, for
example around 3 cm. In one embodiment, the housing may
not have a uniform cross-section, whereby at greatest points,
the housing has a length of 6 cm, a breadth of 5.5 cm and a
height of 1.5 cm. In the context of various embodiments, the
interior of the housing contains the signal processor, the trans-
mitter and any other electrical components required to pro-
cess and transmit ECG signals, so as to monitor health status.

[0009] In the context of various embodiments, the term
“electrodes” may mean any electrical conducting material
having any shape (for example, strips, triangle, circle, square)
and having any dimension, as long as they are able to detect
ECG signals. In the context of various embodiments, the
electrodes detect ECG signals in a non-invasive manner—
either by direct contact on the surface of a body part; or
indirect contact through docking to metallic contacts, the
metallic contacts being adapted to directly contact the surface
of'a body part.

[0010] In the context of various embodiments, the term
“boundary” refers to the perimeter of an external surface of
the housing, so that the perimeter of the external surface
surrounds the plurality of electrodes, although at least a por-
tion of the plurality of electrodes may lie along the perimeter
of the external surface.

[0011] In the context of various embodiments, the term
“signal processor” may mean a module capable of controlling
the electrical components, such as the plurality of electrodes
and the transmitter, that are coupled to the module. For
instance, the signal processor may receive signals from any
one or more of the plurality of electrodes or transmit signals
from any one or more of the plurality of electrodes. The signal
processor may execute instructions to perform a logic
sequence, wherein the instructions may be embedded or pro-
grammable. The logic sequence may refer to the implemen-
tation of flowcharts of instructions, the flowcharts looping at
one or more portions, with the signal processor activating one
or more components of the electrocardiographic monitoring
system, such as the transmitter and any one or more of the
plurality of electrodes. The signal processor may be an appli-
cation specific integrated circuitry (ASIC) entirely fabricated
on a single chip, in the context of semiconductor technology.
The ASIC may have one or more devices that provide pro-
cessing functions such as AND, NAND, or OR logic using
transistors, resistors, capacitors, inductors and the like. The
signal processor may comprise a memory which is for
example used in the processing carried out by the signal
processor. A memory used in the embodiments may be a
volatile memory, for example a DRAM (Dynamic Random
Access Memory) or a non-volatile memory, for example a
PROM (Programmable Read Only Memory), an EPROM
(Erasable PROM), EEPROM (Electrically Erasable PROM),
or a flash memory, e.g., a floating gate memory, a charge
trapping memory, an MRAM (Magnetoresistive Random
Access Memory) or a PCRAM (Phase Change Random
Access Memory).

[0012] In the context of various embodiments, the term
“signal” may refer to ECG signals or any other signals that
may be used in the monitoring of the ECG signals.
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[0013] According to one aspect of the invention, there is
provided a method of locating a QRS complex within ECG
data, the method including: receiving a signal having ECG
data; detecting a first occurring peak value; detecting a first
minimum value occurring prior to the first occurring peak
value; comparing the first occurring peak value and the mini-
mum value against pre-determined QRS complex param-
eters; and denoting the first occurring peak value and the
minimum value as R and Q locations respectively when both
the first occurring peak value and the minimum value match
the R and Q parameters of the pre-determined QRS complex
parameters.

[0014] In the context of various embodiments, the term
“pre-determined QRS complex parameters” may refer to pre-
set cut-offs with QRS duration greater than 70 ms and QRS
amplitude greater than 250 uV.

[0015] According to one aspect of the invention, there is
provided a docking interface-between an electrical contact
and an electrode lead, the docking interface including an
electrical contact provided on a housing having dimensions
allowing attachment to a creature body part; an electrode lead
adapted to contact a creature body part; and a fastening
mechanism provided on either or both of the electrical contact
and the electrode lead to allow fastening between the electri-
cal contact and the electrode lead.

[0016] In the context of various embodiments, the term
“docking interface” may refer to a structure for allowing an
ECG signal detecting device to be removably attached to a
body part where an ECG signal is to be detected. In the
context of various embodiments, the term “electrical contact”
may refer to electrodes, located on an ECG signal detecting
device that is adapted to be removably attached to a body part
where an ECG signal is to be detected, the electrodes allowing
an ECG signal to be transmitted for processing by electrical
components within the ECG signal detecting device. In the
context of various embodiments, the term “electrode lead”
may refer to electrodes that are in direct contact with a body
part where an ECG signal is to be detected; the electrodes
allowing the electrical contact to fasten thereto, so that the
electrode lead and the electrical contact are separate struc-
tures. In the context of various embodiments, the term “fas-
tening mechanism” may refer to a structure that allows the
electrical contact and the electrode lead to secure, in a detach-
able manner, onto each other.

[0017] According to one aspect of the invention, there is
provided circuitry to reduce noise within an ECG signal, the
circuitry including a primary input configured to receive a
first ECG signal; a reference input configured to receive a
second ECG signal; and an adaptive filter having a transfer
function, the adaptive filter coupled to the primary input and
the reference input, wherein the transfer function self-adjusts
according to the first ECG signal and the second ECG signal
to produce co-efficients for the adaptive filter that reduce
noise within the first ECG signal and the second ECG signal,
to output an ECG signal having reduced noise.

[0018] In the context of various embodiments, the term
“circuit” may be understood as any kind of a logic implement-
ing entity, which may be special purpose circuitry or a pro-
cessor executing software stored in a memory, firmware, or
any combination thereof. Thus, in an embodiment, a circuit
may be a hard-wired logic circuit or a programmable logic
circuit such as a programmable processor, e.g. a micropro-
cessor (e.g. a Complex Instruction Set Computer (CISC)
processor or a Reduced Instruction Set Computer (RISC)
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processor). A circuit may also be a processor executing soft-
ware, e.g. any kind of computer program, e.g. a computer
program using a virtual machine code such as e.g. Java. Any
other kind of implementation of the respective functions
which will be described in more detail below may also be
understood as a circuit in accordance with an alternative
embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Inthe drawings, like reference characters generally
refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead gen-
erally being placed upon illustrating the principles of the
invention. In the following description, various embodiments
of the invention are described with reference to the following
drawings, in which:

[0020] FIG. 1A is a schematic representation of an electro-
cardiographic monitoring system according to an embodi-
ment.

[0021] FIG. 1B is a schematic representation of an electro-
cardiographic monitoring system according to an embodi-
ment.

[0022] FIG. 1C shows a flow chart for a method, according
to an embodiment, to locate a QRS complex within ECG data.
[0023] FIG. 1D is a schematic representation of an electro-
cardiographic monitoring system according to an embodi-
ment.

[0024] FIG. 1E shows an implementation of the electrocar-
diographic monitoring system of FIG. 1B, according to an
embodiment.

[0025] FIG. 2A and 2B respectively show a top view and a
side view of an ECG monitoring device, according to an
embodiment.

[0026] FIGS. 3A and 3B respectively show a bottom view
and a perspective view of the ECG monitoring device, accord-
ing to an embodiment.

[0027] FIG. 3C shows the location of V1, V2, V3, V4, V5
and V6 ECG lead locations.

[0028] FIGS. 4A, 4B and 4C respectively show a top view,
a bottom and a side view of a docking pad having docking
electrode leads, according to an embodiment.

[0029] FIG. 4D shows a schematic representation of a
docking interface, according to an embodiment.

[0030] FIGS. 5A and 5B respectively show a top view and
a bottom view of a docking pad having docking electrode
leads, according to an embodiment.

[0031] FIG. 6 is a schematic representation of a signal
processor, according to an embodiment.

[0032] FIG. 7A shows noise typically present for a conven-
tional 12 electrode wired system that is used to measure an
ECG signal.

[0033] FIG. 7B shows an ECG signal having noise arising
from muscular tremors.

[0034] FIG. 8 is a block diagram of a Finite Impulse
Response (FIR) filter, according to an embodiment.

[0035] FIG. 9A is a schematic representation of circuitry,
according to an embodiment, to reduce noise within an ECG
signal.

[0036] FIG. 9B is a block diagram of a circuitry, according
to an embodiment, that can be used to address interference
levels and also noise within an ECG signal.

[0037] FIG. 10 shows a signal where baseline wandering is
present.
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[0038] FIG. 11 shows a flow chart for a method, according
to anembodiment, to locate a QRS complex within ECG data.
[0039] FIG. 12 shows a flow chart for an algorithm imple-
menting the method of FIG. 11, according to an embodiment.
[0040] FIG. 13 shows an exemplary PQRST complex.
[0041] FIG. 14 shows a network where an electrocardio-
graphic monitoring system, according to an embodiment, is
implemented.

[0042] FIG. 15 shows a light and mobile telecommunica-
tions tool, according to an embodiment.

DETAILED DESCRIPTION

[0043] Embodiments provide for a simple non-obstructive,
mobile, light-weight, cable-free, electrocardiogram (ECG or
EKG) monitoring device that communicates wirelessly and
continuously with, for example, a mobile phone for data
collection and analysis. The ECG monitoring device pro-
vides, a personalized cardiac rhythm detection and heart rate
monitoring device for rehabilitating patients recovering from
heart disease management as well as individuals that are
conscious of their health in weight management and cardiac
fitness during exertional activities. The collected data may be
stored in a central server for long-term data analysis and case
review for disease progression that may or may not be symp-
tomatic to the patients or person at risk for early prognosis and
pre-emptive interventions.

[0044] In one possible application, the ECG monitoring
device detects electrical potential from the left chest of users,
digitizes and filters data including amplitude and duration of
various ECG waveforms. Through long-term recording of the
heart beats, irregular heart rhythm and periodic irregular heart
rate will be detected at rest as well as during exertional activi-
ties. By comparing collected data against historical data of the
same individual, an accurate prognosis can be made by phy-
sicians and evidence-based symptom management can be
recommended for timely interventions in a tailored manner.
[0045] A system, incorporating the ECG monitoring
device, can be used for continuous monitoring of heart
rhythm and heart rate irregularity that may or may not be
coincided with symptomic complaints (e.g. palpitation, syn-
cope, breathlessness) of patients. Through the analysis of
long-term data trends collected, a prognosis can be made on
the heart condition of the patients. This may entail intensive
management of ongoing disease through pharmacological
means or pre-emptive interventions of developing disease
(that may or may not be symptomatic to the patients).
[0046] The system allows for non-intrusive and simple
monitoring. The ECG monitoring device is light-weight,
mobile and cable-free, with sensors that attach to the chest of
individual for direct electrical signal detection. The ECG
monitoring device has, in an embodiment, three electrodes to
provide for a Lead-I or Lead-II configuration. A Lead-I con-
figuration measures the voltage between the left arm and the
right arm. A Lead-II configuration measures the voltage
between the left leg and the right arm. The detected signal is
transmitted wirelessly, for example, via Bluetooth to amobile
phone that acts as a receiver for continuous data for data
storage/data display and relaying station to a central server for
in-depth data analysis and tracking of data trends.

[0047] Various embodiments also address various issues of
(1) inability of ECG electrodes to pick up signal accurately as
the spacing between the electrode spacing reduces signifi-
cantly, (2) motion artifacts with the minimum number of
electrodes and least spaced electrode arrangement, (3) pres-
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ence of noise, transmission interference and heat generation
in small-size packages having electronic circuits, and (4) the
need for complex algorithm to baseline wandering for accu-
rate detection of ECG waveform. Various embodiments allow
for dry, wet and bio-insulated electrodes to ensure perfor-
mance integrity after prolonged exposure to sweat.

[0048] It will be appreciated that common numerals, used
in the relevant drawings, refer to components that serve a
similar or the same purpose.

[0049] FIG. 1A is a schematic representation of an electro-
cardiographic monitoring system 101 according to an
embodiment.

[0050] In an embodiment, an electrocardiographic moni-
toring system 101 includes: a housing 152 configured to be
attached to a creature body part. The housing 152 includes: a
plurality of electrodes 154 confined within the boundary of
the housing 152. The plurality of electrodes 154 are arranged
a distance apart from each other and accessible from a same
exterior surface 152s of the housing 152. A signal processor
156 is configured to receive signals from any one or more of
the plurality of electrodes 154 and transmit signals to any one
ormore of the plurality of electrodes 154. A transmitter 158 is
configured to transmit signals from the signal processor 156.
[0051] FIG. 1B is a schematic representation of the elec-
trocardiographic monitoring system 101 of FIG. 1A.

[0052] Similar to FIG. 1A, the electrocardiographic moni-
toring system 101 includes: the housing 152 configured to be
attached to a creature body part.

[0053] The housing 152 includes: a plurality of electrodes
154 confined within the boundary of the housing 152. The
plurality of electrodes 154 are arranged a distance apart from
each other and accessible from a same exterior surface 152s
of the housing 152. The signal processor 156 is configured to
receive signals from any one or more of the plurality of
electrodes 154 and transmit signals to any one or more of the
plurality of electrodes 154. The transmitter 158 is configured
to transmit signals from the signal processor 156.

[0054] FIG. 1B shows that the plurality of electrodes 154
may include at least three input electrodes (154 A, 154B and
154C) configured to send signals to the signal processor 156.
The plurality of electrodes 154 may include an electrode
154C configured as a ground terminal.

[0055] FIG. 1B shows that the signal processor 156 may
include a differential input buffer 156dib coupled to at least
two input electrodes of the plurality of electrodes 154. The
signal processor 156 may include a subtractor circuit 156sc
coupled to the differential input buffer 156dib. The signal
processor 156 may include an amplifier 156a coupled to the
subtractor circuit 156sc. The signal processor 156 may
include a baseline restoration circuit 156brc coupled to the
amplifier 156a and the subtractor circuit 156sc. The signal
processor 156 may include a voltage bias circuit 156vbc
coupled to the amplifier 156a and the baseline restoration
circuit 156brc. The signal processor 156 may include a low
pass filter 156/pf coupled to the amplifier 1564 and the volt-
age bias circuit 156vbc. The signal processor 156 may include
an analogue to digital converter 156adc coupled to the low
pass filter 156/pfand the transmitter 158. The signal proces-
sor 156 may include a neutral circuit 156r¢ coupled to the
voltage bias circuit 156vbc, the neutral circuit 156z¢ coupled
to a ground terminal electrode 154C of the plurality of elec-
trodes 154.

[0056] The distance between each centre of the plurality of
electrodes 154 may be less than 5 cm. The shape of the
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housing may have a longest length of less than 7 cm. An equal
distance may exist between each centre of the plurality of
electrodes 154.

[0057] The plurality of electrodes 154 may be arranged so
that each electrode (154A, 154B and 154C) is located at a
vertice of a triangle. The triangle may be equilateral or may be
isosceles. The electrodes 154 may be arranged along a
straight line.

[0058] The electrocardiographic monitoring system 101
may further include a receiver 162 to receive signals from the
transmitter 158. A processor 166 is coupled to the receiver
162, the processor 166 configured to process the signals
received from the transmitter 158. A display 168 is coupled to
the processor 166, the display 168 configured to show ECG
data from the signals received by the receiver 162.

[0059] The receiver 162, the processor 166 and the display
168 may be located in a platform 170 remote from the housing
152. The platform 170 may be any one or more of the follow-
ing devices: a computer server, a mobile device and a com-
puter terminal. The mobile device may be any one or more of
the following devices: a mobile phone, a PDA, a tablet and a
laptop.

[0060] Inanembodimentshown in FIG. 1B, the electrocar-
diographic monitoring system 101 may include a power
source 165 to power the signal processor 156 and the trans-
mitter 158.

[0061] The transmitter 158 transmits signals using any one
or more of the following mediums: EDGE (Enhanced Data
rates for GSM (Global System for Mobile Communications)
Evolution); bluetooth; 3G (3rd generation); HSDPA (High-
Speed Downlink Packet Access); LTE (Long Term Evolu-
tion); WiFi (wireless local area network using IEEE 802.11
communication standards); WiMax (Worldwide Interoper-
ability for Microwave Access); protocols based on the IEEE
802.15.4-2003 standard for Low-Rate Wireless Personal
Area Networks (LR WPAN), such as Zigbee; low power RF
(radio frequency) operating in ISM (industrial, scientific and
medical) band or cable.

[0062] FIG. 1C shows a flow chart 171 for a method,
according to an embodiment, to locate a QRS complex within
ECG data.

[0063] At 172, a signal having ECG data is received.
[0064] At 174, a first occurring peak value is detected.
[0065] At 176, a first minimum value occurring prior to the
first occurring peak value is detected. At 178, the first occur-
ring peak value and the minimum value are compared against
pre-determined QRS complex parameters.

[0066] At 180, the first occurring peak value and the mini-
mum value are denoted as R and Q locations respectively
when both the first occurring peak value and the minimum
value match the R and Q parameters of the pre-determined
QRS complex parameters.

[0067] At180, the minimum value may be denoted as the Q
location only if the minimum value occurs within a pre-
defined interval from the peak value.

[0068] At 174 and 176, any one or more of the first occur-
ring peak and the first minimum value may be detected by
processing the signal having the ECG data using a differential
equation. The differential equation may be a first order dif-
ferentiation followed by second order differentiation.

[0069] The method may further include detecting a second
peak value occurring prior to the Q location and denoting the
second peak value as a P location. A second minimum value
occurring subsequent to the R location may be detected and
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the second minimum value denoted as an S location. A third
peak value occurring subsequent to the S location may be
detected and the third peak value denoted as a T location.

[0070] The second peak value, the second minimum value
and the third peak value may be respectively denoted as the P,
S and T locations only if the second peak value, the second
minimum value and the third peak value occur within a pre-
defined interval from the R or Q location.

[0071] Any one or more of the second peak value, the
second minimum value and the third peak value may be
detected by processing the signal having the ECG data using
adifferential equation. The differential equation may be a first
order differentiation followed by second order differentia-
tion. In an embodiment, a first derivative is obtained for the
ECG signal, where the first derivative is set to zero and the
resulting equation is solved to locate turning points within the
ECG signal. A second derivative is then calculated to deter-
mine whether the turning point is a peak value or a minimum
value.

[0072] The following process may be reiterated: detecting a
peak value occurring subsequent to an earlier peak value;
detecting a minimum value occurring prior to the peak value;
comparing the peak value and the minimum value against
pre-determined QRS complex parameters; and denoting the
peak value and the minimum value as subsequent R and Q
locations respectively when both the peak value and the mini-
mum value match the R and Q parameters of the pre-deter-
mined QRS complex parameters.

[0073] The located QRS complex may be grouped into
pre-determined intervals. The pre-determined intervals may
be compared against the pre-determined QRS complex
parameters to determine portions of the pre-determined inter-
vals that match, the match providing an indication of a medi-
cal condition. The pre-determined interval may be a multiple
of'10 seconds, for example an integer multiple of 10 seconds,
such as 20 seconds and 30 seconds.

[0074] Comparing the first occurring peak value and the
minimum value against pre-determined QRS complex
parameters may be conducted using one or more of the fol-
lowing: an image processing technique, heuristic determina-
tion or using an artificial neural learning network.

[0075] The first occurring peak value and the minimum
value may be matched against any one or more of the pre-
determined QRS complex parameters comprising: minimum
QRS amplitude, QRS interval, PR interval, PR range, QT
interval, constancy of PR interval and constancy of RR inter-
val.

[0076] Returning to FIG. 1B, the electrocardiographic
monitoring system 101 may further include a docking inter-
face 182 between an electrical contact and an electrode lead.

[0077] The docking interface 182 includes an electrical
contact 183 provided on a housing 184 when having dimen-
sions allowing attachment to a creature body part, an elec-
trode lead 185 adapted to contact a creature body part; and a
fastening mechanism 186 provided on either or both of the
electrical contact 183 and the electrode lead 185 to allow
fastening between the electrical contact 183 and the electrode
lead 185. In FIG. 1B, the electrical contact 183 and the hous-
ing 184 are shown to be provided by the plurality of electrodes
154 and the housing 152 respectively. However, it will be
appreciated that in another embodiment (not shown), the
electrical contact 183 and the housing 184 are those from
another ECG monitoring system.
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[0078] The fastening mechanism 186 may include any one
or more of the following structures: snap-on buttons, clips,
magnets, studs, adhesive pads and hook and loop (Velcro)
fasteners. The snap-on button may include a stud and popper.
[0079] Circuitry 188, to reduce noise within an ECG signal,
may be provided. The circuitry 188 includes a primary input
190 configured to receive a first ECG signal 191; a reference
input 192 configured to receive a second ECG signal 193; and
an adaptive filter 194 having a transfer function. The adaptive
filter 194 is coupled to the primary input 190 and the reference
input 192, wherein the transfer function self-adjusts accord-
ing to the first ECG signal 191 and the second ECG signal 193
to produce co-efficients for the adaptive filter 194 that reduce
noise within the first ECG signal 191 and the second ECG
signal 193, to output an ECG signal 195 having reduced
noise. In the embodiment shown in FIG. 1B, the circuitry 188
is provided in the processor 166. However, it is possible to
have the circuitry 188 provided in the signal processor 156.
[0080] FIG. 1D is a schematic representation of an electro-
cardiographic monitoring system 100 according to an
embodiment. The electrocardiographic monitoring system
100 includes an ECG monitoring device 110 that communi-
cates and transmits wirelessly and continuously to a platform
120.

[0081] The platform 120 may be any portable computing
device configured for data collection, storage and analysis,
such as a mobile phone, a laptop or a tablet PC (such as the
“Apple iPad”). The platform 120 may be any one or more of
the following devices: a computer server, a mobile device and
acomputer terminal. Information in the platform 120 can then
be transmitted via existing telephony networks to another
remote processing device 122 (such as mobile devices or
personal computers, mobile or static computer servers) for
further analysis.

[0082] The ECG monitoring device 110 has a housing 102
configured to be attached to a creature body part. The housing
102 includes a plurality of electrodes 104 confined within the
boundary of the housing 102, the plurality of electrodes
arranged a distance apart from each other and accessible from
a same exterior surface 102s of the housing 102. In the
embodiment shown in FIG. 1D, the housing 102 provides the
ECG monitoring device 110 with a simple and portable
design, which is non-obstructive, mobile, light-weight and
cable-free.

[0083] Intheembodiment shown in FIG. 1D, the interior of
the housing contains a signal processor 106, a transmitter
108, a power source 115 and any other electrical components
required to process and transmit ECG signals, so as to moni-
tor health status. The power source 115 powers the signal
processor 106 and the transmitter 108.

[0084] The signal processor 106 is configured to receive
signals from any one or more of the plurality of electrodes 104
and transmit signals to any one or more of the plurality of
electrodes 104. In the embodiment shown in FIG. 1D, the
signal processor 106 processes signals received from or sent
to any one or more of the plurality of electrodes 104, in
accordance to a logic sequence, which may be embedded or
programmable.

[0085] The transmitter 108 is configured to transmit signals
from the signal processor 106. The transmission may be by
any one or more of the following mediums: EDGE (Enhanced
Data rates for GSM (Global System for Mobile Communica-
tions) Evolution), bluetooth, 3G (3rd generation), HSDPA
(High-Speed Downlink Packet Access), LTE (Long Term
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Evolution), WiFi (wireless local area network using IEEE
802.11 communication standards), WiMax (Worldwide
Interoperability for Microwave Access), protocols based on
the IEEE 802.15.4-2003 standard for Low-Rate Wireless Per-
sonal Area Networks (LR-WPAN), such as Zigbee, low
power RF (radio frequency) operating in ISM (industrial,
scientific and medical) band or cable.

[0086] A receiver 112 receives signals from the transmitter
108. A processor 116 is coupled to the receiver 112, the
processor 116 configured to process the signals received from
the transmitter 108. A display 118 is coupled to the processor
116, the display configured 118 to show ECG data from the
signals received by the receiver 112. In the embodiment
shown in FIG. 1D, the receiver 112, the processor 116 and the
display 118 are located in a platform 120 remote from the
housing 102. The platform 120 may also send the ECG data to
another remote processing device 122 (such as a central
server) wirelessly or via cable connection.

[0087] In the embodiment shown in FIG. 1D, the ECG
monitoring device 110 provides a personalized cardiac
rhythm detection and heart rate monitoring device for reha-
bilitating patients recovering from heart disease management
as well as for any individuals that are conscious of their health
and can be used to accurately manage weight reduction and/
or cardiac fitness during exertional activities. The collected
data can be stored in a memory module 114 in the ECG
monitoring device 110 itself (by sending a suitable signal
from the signal processor 106 to the memory module 114), or
the data can be stored in the platform 120 for long-term data
analysis and case review for disease progression that may or
may not be symptomatic to the patients or person at risk.

[0088] The ECG monitoring device 110 detects, through
one or more of the plurality of electrodes 104, electrical
potential from a body part which is then digitized and filtered
by the signal processor 106. The data comprises amplitude
and duration of various ECG waveforms. Through continu-
ous recording of heart beat rate which the above mentioned
device is capable of, irregular heart rhythm and periodic
irregular heart rate can be detected at rest as well as during
various exertional activities. By comparing the continuously
recorded data with the historical data of the same individual,
an accurate prognosis can be made by physicians and evi-
dence-based symptom management can be recommended for
timely interventions.

[0089] FIG. 1E shows an implementation of the electrocar-
diographic monitoring system 100 of FIG. 1D, according to
an embodiment, for cable-free/wire-free electrocardiogram
detection and wireless data transmission to a receiver or a
computer.

[0090] In FIG. 1E, the ECG monitoring device 110 is
attached to a creature body part 140 (FIG. 1E shows that the
body part 140 is a portion above the left nipple of the chest of
a human being). Preferably, the ECG monitoring device 110
is attached on the left side of the chest of a user to detect
electrical potential of the heart between contraction cycles,
wherein the electrical potential values are digitized and fil-
tered to provide data being amplitude and duration of various
ECG waveforms.

[0091] The ECG monitoring device 110 transmits wire-
lessly and continuously to the platform 120, being in the
embodiment shown in FIG. 1E, a mobile handphone. The
display 118 shows the ECG signal waveform that is detected
from the creature body part 140. Data related to the ECG
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signal waveform in the platform 120 is then transmitted to the
processing device 122, being in the embodiment shown in
FIG. 1E, a laptop.

[0092] FIGS. 2A and 2B respectively show a top view and
a side view of an ECG monitoring device, according to one
embodiment. In FIGS. 2A and 2B, the use of the reference
numeral 110 for the ECG monitoring device, being the same
as the ECG monitoring device 110 of FIG. 1D, is arbitrarily
chosen from the ECG monitoring systems that are schemati-
cally represented in FIGS. 1A, 1B and 1D. It will thus be
appreciated that the ECG monitoring device shown in FIGS.
2A and 2B is in accordance with the embodiments of the ECG
monitoring systems described FIGS. 1A, 1B and 1D.

[0093] The ECG monitoring device 110 allows for continu-
ous monitoring, for example in the range of 5 to 24 hours, for
example for around 8 hours, using a fully charged recharge-
able battery, to detect heart rhythm and heart rate irregularity
that may or may not be coincided with symptomic complaints
(e.g. palpitation, syncope, breathlessness) from users. The
monitoring period may be extended to enable continuous
monitoring by charging the device while in operation or by
using an external battery pack (not shown).

[0094] The housing 102 of the ECG monitoring device 110
has a length 202 in the range of 5 to 10 cm, for example 7 cmy;
a breadth 204 in the range of 4 to 8 cm, for example 5 cm; and
a height 206 in the range of 2 to 5 cm, for example around 3
cm. The ECG monitoring device 110 occupies an area in the
range of 2000 to 8000 mm?, for example 3500 mm?; and
weighs in the range of 8 to 35g, for example 26g. In one
embodiment, the housing may not have a uniform cross-
section, whereby at greatest points, the housing has a length
of 6 cm, a breadth of 5.5 cm and a height of 1.5 cm. In this
embodiment, the area of the ECG monitoring device is
around 3300 mm?®. Other embodiments may use different
dimensions 202, 204 and 206. The housing 102 may be an
ergonomic casing that is water-proof and splash-proof for
multi-purpose applications, including use for activities such
as swimming and aerobic exercise, where sweat may result in
poor insulation and interference of the ECG signal. A switch
208, provided on the top surface, allows the switching on and
off of the ECG monitoring device 110.

[0095] FIG. 3A shows a bottom view of the ECG monitor-
ing device 110 of FIG. 2A, whereupon the plurality of elec-
trodes 104 is located; while FIG. 3B shows a perspective view
of the ECG monitoring device 110 of FIG. 2A, where the
bottom of the ECG monitoring device 110 can be seen.
[0096] In the embodiment shown in FIG. 3A, the plurality
of electrodes 104 is realised by three input electrodes (104 A,
104B and 104C), disposed ina 3-Lead ECG arrangement, and
configured to send signals to the signal processor. While not
shown, it is also possible that more than three electrodes may
be used. Any one of the plurality of electrodes 104 may be
configured as a ground terminal.

[0097] The plurality of electrodes 104 are confined within
the boundary 302 of the housing 102 and arranged a distance
apart (304, 306 and 308) from each other. Although other
dimensions are possible, the distance between each centre of
the plurality of electrodes 104 is about 5 cm or less than 5 cm.
[0098] In the embodiment shown in FIG. 3A, the plurality
of electrodes 104 are arranged so that each electrode (104A,
104B and 104C) is located at a vertice of a triangle.

[0099] Between two or more of the plurality of electrodes
104, an equal distance may exist between each centre of the
plurality of electrodes 104. Thus, when the distances (304,
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306 and 308) are equal, each of the electrodes 104A, 104B
and 104C is located at a corresponding vertice of an equilat-
eral triangle. On the other hand, when only two of the dis-
tances (304, 306 and 308) are equal, each of the electrodes
104A,104B and 104C is located at a corresponding vertice of
an isosceles triangle. In another embodiment (not shown), the
plurality of electrodes are arranged along a straight line.
Between any two adjacent electrodes, an equal distance may
also exist between the centre of one electrode and the centre
of the other electrode. It is also possible that the distance
between any two adjacent electrodes is not the same.

[0100] The plurality of electrodes 104 is accessible from a
same exterior surface 102s of the housing 102.

[0101] In the embodiment shown in FIG. 3A, each elec-
trode (104A, 104B and 104C) is provided in a corresponding
opening (310A, 310B and 310C) on the surface 102s, so that
the contact surface of each electrode (104A, 104B and 104C)
is recessed relative to (or located a distance beneath, see
perspective view provided in FIG. 3B) the surface 102s level.
The contact surface of each electrode (104A,104B and 104C)
is recessed so as to more readily accommodate and secure
onto a corresponding electrode lead from a docking pad (see
FIGS. 4A to 4C and 5A to 5B).

[0102] In another embodiment (not shown), each of the
plurality of electrodes 104 may be provided directly on the
exterior surface of the housing, so that the contact surface of
the plurality of electrodes protrude a distance from the exte-
rior surface level.

[0103] The plurality of electrodes may have a fastening
mechanism to allow detachable securing with electrodes that
are separately provided. The detachable securing may be
frictional engagement, so that the separately provided elec-
trodes are corresponding shaped to the electrodes provided on
the housing of the ECG monitoring device. In the embodi-
ment shown in FIG. 3A, each of the plurality of electrodes
104 has the fastening mechanism integrated therein. Each
electrode (104A, 104B and 104C) is shaped as a female
component of a fastener arrangement, wherein each electrode
(104A, 104B and 104C) is shaped similarly to a popper of a
stud and popper arrangement. The fastener arrangement may
include or may be a snap-on button stud fastener arrange-
ment. Taking electrode 104A as an example, there is a disc-
shaped part 312 surrounding a bore 316 that is adapted to
accommodate a male component (not shown) of the fastener
arrangement, for example of the snap-on button stud fastener
arrangement. Two spring wires 314 extends across the bore
316, where each spring wire 314 traces a chord (i.e. a line
segment whose endpoints lie on the bore 316) which is off-
centre to the bore 316. Both of the spring wires 314 are
adapted to grip the male component (not shown) of the snap-
on button stud fastener. In the embodiment shown in FIG. 3A,
the other electrodes (104B and 104C) will have the same
structural arrangement as the electrode 104A. In this manner,
the plurality of electrodes 104 is adapted to secure, by a
snap-on action, onto electrode leads (not shown) having a
corresponding shape to the plurality of electrodes 104. Such
electrode leads may have a male component of a snap-on
button stud fastener. The electrode leads may be adapted to
contact a body part where ECG signals are to be measured, so
that when the plurality of electrodes 104 is coupled to the
electrode leads, the plurality of electrodes 104 is indirectly
attached to the body part. However, the plurality of electrodes
104 can also measure ECG signals through direct attachment
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to the body part using a suitable fastening device (not shown),
such as an adhesive pad, located on the exterior surface 102s
of the housing 102.

[0104] In another embodiment, the plurality of electrodes
do not have an integrated fastening mechanism and may
simply be electrical conducting material having any shape
(for example, strips, triangle, circle, square).

[0105] Inuse, all the electrodes (104A,104B and 104C) of
the ECG monitoring device 110 may directly contact the skin
on the left side of the chest of a user. In one placement, the
electrodes 104A and 104B are in parallel positions to the left
collar bone and above the left nipple for a Lead-I configura-
tion (i.e. to measure the voltage between the left arm and the
right arm) of ECG signal. In another placement, the elec-
trodes 104A and 104B may be positioned perpendicular to the
left collar bone for a Lead-II configuration (i.e. to measure the
voltage between the left leg and the right arm) of ECG signal.
Ina further placement, the ECG monitoring device 110 can be
positioned for a Lead-III configuration (to measure the volt-
age between the right leg and the left arm) by rotating the
ECG monitoring device 110 90 degrees clockwise from the
Lead-II configuration. Thus, in the Lead-I to Lead-III con-
figurations, placement of the ECG monitoring device 110
does not require extra cable.

[0106] With reference to FIG. 3C, V1 is located in the 47
intercostal space to the right of the sternal boarder. V2 is
located to the left of the sternal boarder in the 47 intercostal
space. V4 is located in the 57 intercostal space at the left
mid-clavicular line. V3 is located directly between V2 and
V4.V5islocated level with V4 at the anterior axillary line. V6
is located level with V5 at the mid-axillary line.

[0107] For a V1 configuration, the ECG monitoring device
110 is placed in an orientation that is opposite of the Lead-I
configuration, i.e. the ECG monitoring device 110 is rotated
180 degrees relative to how the ECG monitoring device 110 is
positioned for the Lead-I configuration and placed on the
right side of chest (rather than the left side). For the V2 to V6
configurations, while maintaining the orientation of the V1
configuration, a positive electrode of the three electrodes
(104A, 104B and 104C) is placed at the corresponding V2 to
V6 locations.

[0108] Thus, the arrangement of the electrodes (104A,
104B and 104C) allows the ECG monitoring device 110 to be
placed in the Lead-I, Lead-II, Lead-IIT and V1 to V6 configu-
rations without the use of additional cable.

[0109] In another placement, extra cable may be used to
connect all the electrodes (104A, 104B and 104C) of the
device for all other conventional configurations of ECG lead
positions (e.g. aVFE, aVL, aVR). For aVF (lead augmented
vector foot), aVR (lead augmented vector right), aVL (lead
augmented vector left) configurations, a Y-shaped wire/cable
may be used to split a negative electrode of the three elec-
trodes (104A, 104B and 104C) into two negative electrodes.
[0110] Inthe aVF (lead augmented vector foot) configura-
tion, a positive electrode of the three electrodes (104A, 104B
and 104C) is connected to the left leg or the middle of the
body and the two negative electrodes (from the Y-shaped
wire/cable) is connected to the right arm and the left arm
[0111] Inthe aVL (lead augmented vector left) configura-
tion, a positive electrode of the three electrodes (104A, 104B
and 104C) is connected to the left arm or the left side of the
body and the two negative electrodes (from the Y-shaped
wire/cable) is connected to the right arm and the right leg.
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[0112] In the aVR (lead augmented vector right) configu-
ration, a positive electrode of the three electrodes (104A,
104B and 104C) is connected to the right arm or the right side
of the body and the two negative electrodes (from the
Y-shaped wire/cable)is connected to the left arm and the left
leg.

[0113] It is also possible to place the ECG monitoring
device 110 on other places of the body to capture the required
ECG signals. For example, it is possible to directly contact the
electrode 104A, the electrode 104B and the electrode 104C
with the left index finger, the right index finger and the middle
finger of the user respectively.

[0114] In the above configurations, the three electrodes
(104A, 104B and 104C) may, in one embodiment, be wired
such that electrode 104 A is the positive electrode, electrode
104B is the negative electrode, while electrode 104C is the
neutral electrode.

[0115] Before placement of the ECG monitoring device
110, specialized electrode leads, upon which the electrodes
(104A, 104B and 104C) connect to, may be placed on the
user. While single electrode leads may be used with the ECG
monitoring device 110, adock having three docking electrode
leads in a 3-in-1 integrated format may be used.

[0116] FIGS. 4A and 4B respectively show a top view and
a bottom view of a docking pad 400 having a plurality of
electrode leads 402 that can be used as such docking electrode
leads, according to an embodiment. The docking pad 400
provides fora 3-in-1 integrated docking electrode leads for an
ECG monitoring device (such as the ECG monitoring device
110 of FIGS. 2A to FIG. 3B).

[0117] The plurality of electrode leads 402 is provided on a
pad 404. The pad 404 is made from non-electrical conducting
material, so as to electrically isolate each of the electrode
leads 402. Each electrode lead 402 extends through the thick-
ness of the pad 404, so that a top surface (402A¢, 402B¢ and
402Ct; see FIG. 4A) of the electrode leads 402 is provided on
a top surface of the pad 404 (see FIG. 4A), while a bottom
surface (402Ab, 402Bb and 402Cb; see FIG. 4B) is provided
on a bottom surface of the pad 404 (see FIG. 4B).

[0118] The bottom surfaces (402Ab, 402Bb and 402Ch;
see FIG. 4B) of the electrode leads 402 are adapted to be in
direct contact, by being placed onto, a body part where an
ECG signal is to be detected.

[0119] Thetop surfaces (402A¢, 402B¢ and 402C¢; see FIG.
4A) of the electrode leads 402 are adapted, by having an
integrated fastening mechanism, to allow fastening thereto of
an electrical contact (such as the electrodes 104A, 104B and
104C of the ECG monitoring device 110, see FIGS. 3A and
3B) on an ECG signal detecting device.

[0120] Together, between the electrical contact (such as,
but not limited to, the electrodes (104A, 104B and 104C) of
the ECG monitoring device 110 (see FIGS. 3A and 3B) and
the electrode leads 402, a docking interface 420, as shown in
the schematic representation of FIG. 4D, is provided, allow-
ing an ECG signal detecting device to be removably attached
to a body part where an ECG signal is to be detected.

[0121] The docking interface 420, between an electrical
contact and an electrode lead, includes an electrical contact
424 provided on a housing 426 (of an ECG monitoring
device, such as the ECG monitoring device of FIGS. 3A and
3B) having dimensions allowing attachment to a creature
body part. An electrode lead 422, adapted to contact a creature
body part, has a fastening mechanism 428 to allow fastening
between the electrical contact 424 (for example the electrodes
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104, see FIG. 3A) and the electrode lead 422. The fastening
mechanism (see reference numeral 430 may also be provided
on the electrical contact 424 to allow fastening between the
electrical contact 424 and the electrode lead 422. It is also
possible that the fastening mechanism (428, 430) is provided
on either of the electrical contact 424 and the electrode lead
422 to allow fastening between the electrical contact 424 and
the electrode lead 422.

[0122] The fastening mechanism (428, 430) is a structure
that allows the electrical contact 424 and the electrode lead
422 to secure, in a detachable manner, onto each other. The
fastening mechanism (428, 430) may be any one or more of
the following structures: snap-on buttons, clips, magnets,
studs, adhesive pads and hook and loop (Velcro) fasteners; as
long as a path for an electric signal is established when the
electrical contact 424 and the electrode lead 422 secure onto
each other.

[0123] With reference to FIG. 4C (showing a side view of
the docking pad 400 having the plurality of electrode leads
402) the fastening mechanism is integrated into the electrode
lead 402 and is of a snap-on button configuration, more spe-
cifically a stud and popper arrangement. A portion of each of
the electrode leads 402 is shaped as a stud 406, where the stud
406 has reduced diameter compared to the portion of the
electrode lead 402 that is provided on the pad 404 and the stud
406 projects from the pad 404.

[0124] The stud 406 acts as a male component of the snap-
on button configuration. As an example and with reference to
FIG. 3A, the stud 406 is adapted to be inserted into the bore
316 of the electrode 104 A, so that an enlarged portion of the
stud 406 is gripped by the spring wires 314.

[0125] By having the pad 404 with the electrode leads 402,
ease of use is provided, since an ECG signal can be consis-
tently tapped from a same location after the pad 404 is
attached to a body part. In addition, when used with the ECG
monitoring device 110 shown in FIGS. 2A to 3B, the elec-
trode leads 402 provide the electrodes (104A, 104B and
104C) of the ECG monitoring device 110 with a docking
location. In one embodiment where the docking pad 400 is
used in conjunction with the ECG monitoring device 110 (see
FIGS. 3A and 3B), the specific arrangement of the electrode
leads 402 and the spacing between each of the electrode leads
402 are both manufactured to correspond to where the three
electrodes (104A, 104B and 104C) are located, so that the
ECG monitoring device 110 can only be connected to the
docking pad 400 in one orientation. In this manner, it is
ensured that the ECG monitoring device 110 (see FIGS. 3A
and 3B) is located at a same desired ECG lead position when
the ECG monitoring device 110 is removed and attached from
the docking pad 400. The docking pad 400 is re-positioned
should there be a need to have the ECG monitoring device 110
connected at another ECG lead position.

[0126] The electrode leads 402 ensure good physical con-
tact to the skin (e.g. chest surface) and facilitate outputing
clean baseline signals and reduces baseline wandering phe-
nomenon. Motion artifacts associated with minute movement
between electrode leads, skin surface and device are mini-
mised.

[0127] In the embodiment shown in FIG. 4B, the plurality
of electrode leads 402 are in a dry format with insulated and
isolated individual electrodes. In another embodiment, gel
type or foam type electrode leads may be used to detect ECG
signals.
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[0128] FIGS. 5A and 5B respectively show a top view and
a bottom view of a docking pad 500 having a plurality of
electrode leads 502 that can be used as docking electrode
leads, according to an embodiment.

[0129] The electrode leads 502 are similar to the electrode
leads 402 described above, so no further elaboration is pro-
vided. The only difference is the shape of the pad 504 where
the electrode leads 502 are mounted upon is different from
that of the pad 404 where the electrode leads 402 are mounted
upon. In addition, with reference to FIG. 5B, the bottom
surfaces of the electrode leads 502 is covered with a protec-
tive sheet 506, which is peeled off before the docking pad 500
is used.

[0130] In long-term recording of a user’s heart beats,
irregular heart rhythm and periodic irregular heart rate are
detected at rest, as well as during exertional activities. By
comparing to historical data of the same user, an accurate
prognosis can be made by physicians and evidence-based
symptom management can be recommended for timely inter-
ventions in a tailored manner.

[0131] For long-term data collection, clean baseline ECG
signals and deterministic ECG waveform of the individual P,
Q, R, S, T wave recognition are crucial. This entails, in an
embodiment, a hardware configuration that performs:

1) filtering device;

ii) noise suppression;

iii) baseline wandering reduction; and

iv) QRS complex reproduction.

[0132] In the following, filtering according to various
embodiments will be described.

[0133] In an embodiment, data collected by electrodes of
the ECG monitoring device 110 (see FIG. 1D) is processed by
a high resolution filtering circuit including, but not limited to,
high and low pass filtering techniques to achieve a clean and
near noiseless signal. In the embodiment shown in FIG. 1D,
sucha filtering circuit may be provided in the signal processor
106.

[0134] FIG. 6 is a schematic representation of the signal
processor 106, according to an embodiment, used in the ECG
monitoring device 110 of FIG. 1D. In FIG. 6, the signal
processor 106 is coupled to the transmitter 108. Raw data,
present in the electrical signal captured by the device, may be
sampled at a frequency rate not lower than 100 Hz, to ensure
good signal to noise ratio.

[0135] The signal processor 106 includes a differential
input buffer 602, having two ports 604 and 606 coupled to at
least two input electrodes of the plurality of electrodes 104
(see F1G. 1D). For instance, with reference to FIG. 3A, a first
port 604 may be coupled to the electrode 104A and a second
port 606 may be coupled to the electrode 104B. A subtractor
circuit 608 is coupled to the differential input buffer 602. An
amplifier 610 is coupled to the subtractor circuit 608. A base-
line restoration circuit 612 is coupled to the amplifier 610 and
the subtractor circuit 608. In the embodiment shown in FIG.
6, the port 604 is a positive input, while the port 606 is a
negative input, so that the electrode 104 A becomes a positive
electrode, while the electrode 104B becomes a negative elec-
trode.

[0136] The differential input buffer 602, the subtractor cir-
cuit 608, the amplifier 610, the baseline restoration circuit
612 and the voltage bias circuit 616 function as follows.
[0137] Atthe differential input buffer 602, two high-imped-
ance amplifiers monitor the voltage between the input and the
interface ground, where the first port 604 provides an input for
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one of the two high-impedance amplifiers, while the second
port 606 provides an input for the other of the two high-
impedance amplifiers. The outputs of the two amplifiers are
then subtracted by a third amplifier, at the subtractor circuit
608, to remove any signal common to both the input signal at
the first port 604 and the input signal at the second port 606.
The signal difference between the input signal at the first port
604 and the input signal at the second port 606 forms a
baseline signal 614, which is sent to both the amplifier 610
and the baseline restoration circuit 612. In the baseline res-
toration circuit 612, the baseline signal 614 and a biasing
voltage signal 628 from the voltage bias circuit 616 is com-
pared and a resulting correction signal 626 fed back to the
subtractor circuit 608. Since the biasing voltage signal 628
from the voltage bias circuit 616 is stable, the biasing voltage
signal 628 is used to correct baseline swings in the baseline
signal 614. Thus, the subtractor circuit 608, the voltage bias
circuit 616 and the baseline restoration circuit 612 serve to
maintain the baseline.

[0138] The voltage bias circuit 616 is coupled to the ampli-
fier 610 and the baseline restoration circuit 612. The voltage
bias circuit 616 provides a bias voltage to the right leg and
also serves to provide a baseline voltage to the amplifier 610
and the baseline restoration circuit 612. A low pass filter 620
is coupled to the amplifier 610. Furthermore, the low pass
filter 620 may be coupled to the voltage bias circuit 616
through another module (not shown). An analogue to digital
converter 622 is coupled to the low pass filter 620 and the
transmitter 108.

[0139] The amplifier 610 amplifies the baseline signal 614.
Subsequently, the low pass filter 620 removes signals higher
than a pre-determined frequency from the amplified baseline
signal. In one embodiment, the pre-determined frequency
may be for example in the range of 50 Hz to 60 Hz. The
analogue to digital converter 622 then digitizes the analogue
output from the low pass filter 620.

[0140] A neutral circuit 618 is coupled to the voltage bias
circuit 616, where the neutral circuit 618 is coupled to a
ground terminal electrode of the plurality of electrodes 104
(see FIG. 1D), such as with reference to FIG. 3A, the elec-
trode 104C, so that the electrode 104C becomes a neutral
electrode.

[0141] While not shown, it is possible that the signal pro-
cessor 106 includes a logic circuit to which the ports 604 and
606 and the neutral circuit 618 is connected, the logic circuit
being able to automatically designate which of the three elec-
trodes (104A, 104B and 104C) will be a positive, negative or
a neutral electrode.

[0142] In the following, noise suppression according to
various embodiments will be described.

[0143] FIG. 7A shows noise 702 typically present for a
conventional 12 electrode wired system that is used to mea-
sure an ECG signal, the noise 702 arising from using an AC
supply to power the conventional system. The vertical axis
706 represents voltage, while the horizontal axis 708 repre-
sents time.

[0144] In the ECG monitoring device 110 shown in FIGS.
2A to 3B, the noise 702 from using an AC supply is not an
issue, since the ECG monitoring device 110 runs on a portable
DC battery supply.

[0145] Comparing the ECG monitoring device 110 against
standard medical test conditions, where 12 electrodes are
used to detect an ECG signal, the ECG monitoring device 110
(by using only three electrodes 104A, 104B and 104C) pro-
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vides a reduction in electrode spacing and a reduction in the
number of electrodes used. This increases interference levels
and reduces the ability to pick up a heart signal. In addition to
this interference, noise 704 (see FIG. 7B) arising from mus-
cular tremors, is also present in an ECG signal. Such noise
704 is exacerbated by prolonged usage and usage under
strenuous exercises that lead to perspiration.

[0146] FIG. 8 is a block diagram of a Finite Impulse
Response (FIR) filter 800 to address the interference levels
and the noise 704. In the embodiment shown in FIG. 8, the
FIR filter 800 is a second order/3-tap filter, implementing a
moving average.

[0147] FIG. 9A shows a schematic representation of cir-
cuitry 950 that can be used to address interference levels and
also noise within an ECG signal. The circuitry 900 includes a
primary input 902 configured to receive a first ECG signal
901 and a reference input 904 configured to receive a second
ECG signal 903.

[0148] An adaptive filter 956, having a transfer function, is
coupled to the primary input 902 and the reference input 904,
wherein the transfer function self-adjusts according to the
first ECG signal 901 and the second ECG signal 903 to
produce co-efficients 958 for the adaptive filter 956 that
reduce noise within the first ECG signal 901 and the second
ECG signal 903, to output an ECG signal 910 having reduced

noise.

[0149] FIG.9Bis a block diagram of a circuitry 900 imple-
menting the schematic shown in FIG. 9A. The circuitry 900
includes the primary input 902 configured to receive the first
ECG signal 901 and the reference input 904 configured to
receive the second ECG signal 903. In one embodiment, the
circuitry 900 provides a digital filter, which may be used as an
alternative to the filter described with reference to FIG. 6
above.

[0150] An adaptive filter 906, having a transfer function,
serves to process the first ECG signal 901 and the second
ECG signal 903.

[0151] The circuitry 900 may be software based and
includes the following: ADC (analogue to digital converter)
blocks (912 and 914); delay blocks (916, 918 and 920), an
adaptive filter coefficient block 908, a least mean square
block 922, summing blocks (924 and 926) and a DAC (digital
to analogue converter) block 928. These blocks are connected
as follows.

[0152] A first ADC block 912 is connected to the primary
input 902; and a second ADC block 914 is connected to the
reference input 904. A first delay block 916 is connected to
the first ADC block 912 and to a first summing block 926. The
adaptive filter 906 is coupled to the second ADC block 914
and the first summing block 926. The DAC block 928 (from
which the de-noised ECG signal 910 is output) is coupled to
the first summing block 926 to receive the output from the first
summing block 926.

[0153] Within the adaptive filter 906, a second delay block
918 is coupled to the second ADC block 914, the least mean
square block 922 coupled to the first summing block 926, a
second summing block 924 is coupled to the first summing
block 926 and the adaptive filter coefficient block 908 is
connected to the second ADC block 914. The adaptive filter
coefficient block 908 is also connected to a delay block array
920, the least mean square block 922 and the second summing
block 924. The delay block array 920 is connected to the
second delay block 918.
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[0154] In the embodiment shown in FIG. 9B, noise is
removed through deriving coefficients of the adaptive filter
906 from the first ECG signal 901, using the derived coeffi-
cients to process the second ECG signal 903 to produce an
output and deducting the output (of the second ECG signal
903 having been processed with coefficients derived from the
first ECG signal 901) from the first ECG signal 901.

[0155] Each co-efficient (w,, w,, . . . w,,) generated by the
adaptive filter coefficient block 908 is derived from process-
ing the first ECG signal 901 or/and processing the second
ECG signal 903 in one or more the delay blocks (916,918 and
920). The co-efficients (w,, W, . . . w,,) are derived from

1) digitizing the first ECG signal 901 using the first ADC block
912;

ii) processing the digitized first ECG signal using the first
delay block 916;

iii) summing, using the first summing block 926, the output
from the first delay block 916 (being the digitized first ECG
signal processed with delay) with output from the second
summing block 924, wherein the output from the second
summing block 924 is the result of the convolution of the
co-efficients stored in the adaptive filter coefficient block 908
with the delayed ECG signals;

iv) performing a least mean square operation, using the least
mean square block 922, on the output of the first summing
block 926; and

v) using the output from the least mean square block 922 to
change each co-efficient (w,, w,, . . . w,,) of the adaptive filter
coefficient block 908.

[0156] The various co-efficients (w,, w,, ... w, ) are used to
modulate the second ECG signal 903 as follows.

[0157] The second ECG signal 903 is digitized by the sec-
ond ADC block 914. The digitized second ECG signal is then
multiplied by the co-efficient w,. The co-efficient w, is mul-
tiplied by the digitized second ECG signal after having been
processed by the second delay block 918. The co-efficient w,,
is multiplied by the digitized second ECG signal after having
been processed by the second delay block 918 and one or
more of the delay blocks, forexample n—1 delay blocks, in the
delay block array 920, for example for all integer n greater
than or equal to 1 and less than or equal to N.

[0158] The output of the second summing block 924 is the
result of the convolution of the co-efficients (w,, w,, ... w,)
stored in the adaptive filter coefficient block 908 with the
delayed ECG signals. The output of the second summing
block 924 is representative of noise signal 930 present in the
first ECG signal 901. Since at the first summing block 926, the
noise signal 930 is subtracted from the first ECG signal 901
(after having been processed by the first ADC block 912 and
the first delay block 916), the output of the first summing
block 926 is thus the denoised ECG signal 910.

[0159] In the following, baseline wandering reduction
according to various embodiments will be described.

[0160] FIG. 10 is a plot of voltage 1006 against time 1008,
showing a signal 1000 where baseline wandering is present.
Baseline wandering is exacerbated by prolonged usage and
usage under strenuous exercises that lead to perspiration.
[0161] Designing an adaptive algorithm that corrects base-
line wandering is challenging as skin impedance varies
greatly between users. Even with proper skin preparation,
there will be a delay in receiving a stable trace for a user with
high skin impedance.

[0162] Various embodiments use an efficient recursive fil-
ter that estimates the state of a linear dynamic system from a
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series of noisy measurements. In an embodiment, a Kalman
filter design is used. While cubic spline technique may also be
used, the Kalman filter design shows better performance.

[0163] In the following, QRS complex reproduction
according to various embodiments will be described.

[0164] FIG. 11 shows a flow chart for a method 1100,
according to an embodiment, to locate a QRS complex within
ECG data. In an embodiment, the method 1100 is used to
process ECG signals detected by the ECG monitoring device
110 (see FIG. 1D).

[0165] At 1102, a signal having ECG data is received. At
1104, a first occurring peak value is detected. At 1106, a first
minimum value occurring prior to the first occurring peak
value is detected. At 1108, the first occurring peak value and
the minimum value is compared against pre-determined QRS
complex parameters, such as, for example, pre-set cut-offs
with QRS duration greater than 70 ms and QRS amplitude
greater than 250 uV. At 1110, the first occurring peak value
and the minimum value are denoted as R and Q locations
respectively when both the first occurring peak value and the
minimum value match the R and Q parameters of the pre-
determined QRS complex parameters.

[0166] At 1110, the minimum value is denoted as the Q
location only if the minimum value occurs within a pre-
defined interval from the peak value.

[0167] At 1104 and 1106, any one or more of the first
occurring peak and the first minimum value are detected by
processing the signal having the ECG data using a differential
equation. The differential equation may be a first order dif-
ferentiation, followed by second order differentiation. In an
embodiment, a first derivative is obtained for the ECG signal,
where the first derivative is set to zero and the resulting
equation is solved to locate turning points within the ECG
signal. A second derivative is then calculated to determine
whether the turning point is a peak value or a minimum value.

[0168] At1112, asecond peak value occurring prior to the
Q location is detected, whereby the second peak value is
denoted as a P location. At 1114, a second minimum value
occurring subsequent to the R location is detected, whereby
the second minimum value is denoted as an S location. At
1116, a third peak value occurring subsequent to the S loca-
tion is detected, whereby the third peak value is denoted as a
T location.

[0169] At1112,1114 and 1116, the second peak value, the
second minimum value and the third peak value are respec-
tively denoted as the P, S and T locations only if the second
peak value, the second minimum value and the third peak
value occur within a pre-defined interval from the R or Q
location.

[0170] Any one or more of the second peak value, the
second minimum value and the third peak value are detected
by processing the signal having the ECG data using a differ-
ential equation. The differential equation may be a first order
differentiation, followed by second order differentiation.

[0171] A portion of the method 1100 may be reiterated,
whereby 1104 to 1110 is repeated as follows. At 1104, a peak
value occurring subsequent to an earlier peak value is
detected. At 1106, a minimum value occurring prior to the
peak value is detected. At 1108, the peak value and the mini-
mum value are compared against pre-determined QRS com-
plex parameters. At 1110, the peak value and the minimum
value are denoted as subsequent R and Q locations respec-
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tively when both the peak value and the minimum value
match the R and Q parameters of the pre-determined QRS
complex parameters.

[0172] At 1118, the located QRS complex is grouped into
pre-determined intervals. At 1120, the pre-determined inter-
vals are compared against the pre-determined QRS complex
parameters to determine portions of the pre-determined inter-
vals that match, the match providing an indication of a medi-
cal condition. The pre-determined interval may be a multiple
of 10 seconds.

[0173] At 1108, comparing the first occurring peak value
and the minimum value against pre-determined QRS com-
plex parameters may be conducted using one or more of the
following: an image processing technique, heuristic determi-
nation or using an artificial neural learning network.

[0174] At 1108, the first occurring peak value and the mini-
mum value may be matched against any one or more of the
pre-determined QRS complex parameters comprising: mini-
mum QRS amplitude, QRS interval, PR interval, PR range,
QT interval, constancy of PR interval and constancy of RR
interval.

[0175] FIG. 12 shows a flow chart for an algorithm 1200
implementing the method 1100 of FIG. 11.

[0176] The algorithm 1200 starts at 1202, where ECG data
isreceived at1204. At 1206, R and Q locations are detected so
as to form a valid QRS complex at 1208. A loop occurs for
1206 and 1208, i.e. other R and Q values are located to form
further QRS complexes, through locating subsequent peak
values at 1210. For 1204 to 1210, the algorithm 1200 works in
a similar manner as described for 1102 to 1110 of FIG. 11
above and is thus not further described.

[0177] At 1212, S, P and T locations are detected, in a
manner similar as that described in 1112 to 1116 of FIG. 11
above. At 1214, the located PQRST values (see FIG. 13 foran
exemplary PQRST complex 1302, in a graph of a plot of
voltage 1006 against time 1008) are used to generate an ECG
pulse train so that a cardiac condition may be detected at
1216. The formation of the ECG pulse train at 1214 and the
detection of the cardiac condition at 1216 is similar to 1118
and 1120 described above and is thus not further described. At
1218, the algorithm 1200 ends.

[0178] The collected ECG waveforms may be compared to
pre-determined parameters for pattern recognition and
rhythm determination that may include the use of image
processing technique, heuristic determination and an artifi-
cial neural learning network. Besides relying on human inter-
pretation, regularity or irregularity of the electrical signals of
the heart may be determined by computer intelligent algo-
rithms in real time based on pattern recognition algorithm and
rhythm determination parameters. The collected ECG data
may also be used to extract physiological indicators that
include, but are not limited to, heart rate, basal metabolic rate,
VO2max (maximum volume of oxygen that can be utilized in
one minute during maximal or exhaustive exercise), heart rate
recovery, heart rate variability and calories consumption.
These physiological indicators may be displayed on an LCD
display of a receiver or a computer display, both in wireless
communication with the ECG monitoring device 110 (see
FIG. 1D).

[0179] FIG. 14 shows a network 1400 where an electrocar-
diographic monitoring system, according to an embodiment,
is implemented.

[0180] The ECG monitoring device 110 is worn by a user to
monitor a physical activity performed by the user. The ECG
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monitoring device 110 may communicate with a mobile
device 1404 or a web server 1406, both through a base station
1402. While FIG. 14 shows that the mobile device 1404 is a
mobile phone, any one or more of the following devices may
be used: a PDA, a tablet and a laptop. The web server 1406
may be connected to a PC 1408. It is also possible for the ECG
monitoring device 110 to transmit ECG signals directly to a
computer via a wireless communications protocol. The ECG
monitoring device 110 may allow a user to discover various
irregular symptoms from a detected PQRST signal, such as
hypertrophy, hyperkelemia, ischemia, and infarction.

[0181] Although not shown in FIG. 14, the ECG monitor-
ing device 110 may transmit processed ECG signal, via a
wireless platform of available technologies, to a preferred
mobile receiver for ambulatory needs. The wireless transmis-
sion platform may be a Bluetooth module on the electrical
circuit board of the ECG monitoring device 110. Other wire-
lesss transmission platforms include, but not are not limited
to, infra-red, WiFi, or low powered radio frequency (RF)
which are common communication protocol to many data
receiving tools.

[0182] One advantage of the ECG monitoring device 110 is
that non-intrusive and yet accurate monitoring for time peri-
ods longer than a few hours may be provided. The ECG
monitoring device 110 can be fitted with onboard storage
capability (such as Transflash or Nand flash) and GPRS or
other transmission capabilities to act as a 24-hour continuous
operating standalone device that can transmit to a computer
server.

[0183] Through analysis of long-term data trends collected,
a more accurate prognosis can be made on physiological
conditions that include, but are not limited to, the heart either
under normal condition or diseased condition of either natu-
rally occurring or pharmocological drug-induced. The elec-
trocardiographic monitoring system is wireless, un-obstruc-
tive and provides continuous and real time monitoring of
physiological functions that seemlessly integrates in the daily
life of a user. With capturing of real time information over a
long period of time, intensive management of an ongoing
disease through pharmacological means or pre-emptive inter-
ventions of a developing disease (that may or may not be
symptomatic to the patients or users) is facilitated. The ECG
monitoring device 110 may also have additional sensors for
monitoring of other important physiological conditions such
as, but not limited to, glucose levels, blood pressure, body
temperature and hydration levels.

[0184] FIG. 15 shows a light and mobile telecommunica-
tions tool 1502 that has a LCD display 1504 for real time
viewing of an ECG signal streaming from the ECG monitor-
ing device 110 (see FIG. 14). However, other data receiving
tools, that may or may not have viewer display, may be used.

[0185] The received data may be processed with noise can-
celling and filtering techniques not restricted to a Finite
Impulse Response (FIR) filter (as described with reference to
FIG. 8) and Kalman filter to minimize motion artifacts and
baseline wandering of the ECG signal. The telecommunica-
tions tool 1502 may also act as a data storage/data display and
relaying station through GPRS platform to a central computer
server for in-depth data analysis and tracking of data trends.
The transmission of the data from the telecommunications
tool 1502 to a central computer server may be performed
using EDGE, 3G, HSDPA, LTE, WiFi, WiMax or cable. The
telecommunications tool 1502 may also transmit part or
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whole of the ECG data to another mobile telecommunications
tool such as mobile phone for data review.

[0186] While embodiments of the invention will be shown
and described with reference to specific embodiments, it
should be understood by those skilled in the art that various
changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined
by the appended claims. The scope of the invention is thus
indicated by the appended claims and all changes which come
within the meaning and range of equivalency of the claims are
therefore intended to be embraced.

1. An electrocardiographic monitoring system comprising:

ahousing configured to be attached to a creature body part,

the housing comprising:

aplurality of electrodes confined within the boundary of
the housing, the plurality of electrodes arranged a
distance apart from each other and accessible from a
same exterior surface of the housing;

a fastening mechanism provided on each electrode of the
plurality of electrodes to allow detachable fastening
between the electrode and an electrode lead;

a signal processor configured to receive signals from any
one or more of the plurality of electrodes and transmit
signals to any one or more of the plurality of elec-
trodes; and

a transmitter configured to transmit signals from the
signal processor.

2. The electrocardiographic monitoring system according
to claim 1, wherein the plurality of electrodes comprise at
least three input electrodes configured to send signals to the
signal processor.

3. The electrocardiographic monitoring system according
to claim 1, wherein the plurality of electrodes comprise an
electrode configured as a ground terminal.

4. The electrocardiographic monitoring system according
to claim 1, wherein the signal processor comprises a differ-
ential input buffer coupled to at least two input electrodes of
the plurality of electrodes.

5. The electrocardiographic monitoring system according
to claim 4, wherein the signal processor comprises a subtrac-
tor circuit coupled to the differential input buffer.

6. The electrocardiographic monitoring system according
to claim 5, wherein the signal processor comprises an ampli-
fier coupled to the subtractor circuit.

7. The electrocardiographic monitoring system according
to claim 6, wherein the signal processor comprises a baseline
restoration circuit coupled to the amplifier and the subtractor.

8. The electrocardiographic monitoring system according
to claim 7, wherein the signal processor comprises a voltage
bias circuit coupled to the amplifier and the baseline restora-
tion circuit.

9. The electrocardiographic monitoring system according
to claim 8, wherein the signal processor comprises a low pass
filter coupled to the amplifier and the voltage bias circuit.

10. The electrocardiographic monitoring system according
to claim 9, wherein the signal processor comprises an ana-
logue to digital converter coupled to the low pass filter and the
transmitter.
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11. The electrocardiographic monitoring system according
to claim 8, wherein the signal processor comprises a neutral
circuit coupled to the voltage bias circuit, the neutral circuit
coupled to a ground terminal electrode of the plurality of
electrodes.

12. The electrocardiographic monitoring system according
to claim 1, wherein the distance between each centre of the
plurality of electrodes is less than 5 cm.

13. The electrocardiographic monitoring system according
to claim 1, wherein the shape of the housing has a longest
length of less than 7 cm.

14. The electrocardiographic monitoring system according
to claim 1, wherein an equal distance exists between each
centre of the plurality of electrodes.

15. The electrocardiographic monitoring system according
to claim 1, wherein the plurality of electrodes are arranged so
that each electrode is located at a vertice of a triangle.

16. The electrocardiographic monitoring system according
to claim 15, wherein the triangle is equilateral.

17. The electrocardiographic monitoring system according
to claim 15, wherein the triangle is isosceles.

18. The electrocardiographic monitoring system according
to claim 1, wherein the electrodes are arranged along a
straight line.

19. The electrocardiographic monitoring system according
to claim 1, further comprising:

a receiver to receive signals from the transmitter;

a processor coupled to the receiver, the processor config-
ured to process the signals received from the transmitter;
and

a display coupled to the processor, the display configured
to show ECG data from the signals received by the
receiver.

20. The electrocardiographic monitoring system according
to claim 19, wherein the receiver, the processor and the dis-
play are located in a platform remote from the housing.

21. The electrocardiographic monitoring system according
to claim 20, wherein the platform comprises any one or more
of'the following devices: a computer server, a mobile device
and a computer terminal.

22. The electrocardiographic monitoring system according
to claim 21, wherein the mobile device comprises any one or
more of the following devices: a mobile phone, a PDA, a
tablet and a laptop.

23. The electrocardiographic monitoring system according
to claim 1, further comprising a power source to power the
signal processor and the transmitter.

24. The electrocardiographic monitoring system according
to claim 1, wherein the transmitter transmits signals using any
one or more of the following mediums: EDGE, bluetooth, 3G,
HSDPA, LTE, WiFi, WiMax, low power RF operating in ISM
band or cable.

25-41. (canceled)
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