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MOBILE DEVICE FOR MEASURING ELECTRICAL BIOSIGNALS

FIELD OF THE INVENTION

The present invention relates to a mobile device for measuring at least

one electrical biosignal.

BACKGROUND OF THE INVENTION

About 10 % of population suffers from various cardiac problems such

as arrhythmias, ischemia, heart attacks or palpitations. Atrial fibrillation is one of

the most severe arrhythmias since it may cause strokes that may in turn lead to

permanent neurological damage or death. Heart attack is the most common cause

of death. Electrocardiogram (ECG) is the most powerful tool to monitor and diag

nose the cardiac illnesses. Often the ECG is taken with a 24 - 72 hour recording

using a mobile electrocardiogram device that is to be attached to a body of a per

son to be monitored with galvanic contact between the device electrodes and the

user skin.

Heart rate monitoring devices are commonly used during physical

training to optimize training level and to follow up condition development. Opt i

cal heart rate monitors based on photoplethysmography give indicative heart rate

signal, but the most accurate heart rate reading is obtained from the R-peak of the

ECG signal by using electrical heart rate monitors.

The mobile heart rate monitoring device or the mobile electrocardio

gram device often has a rechargeable battery that is recharged through pins or a

connector such as micro USB connector. In many devices a battery charger may

be connected to the device while using the device. However, a faulty battery

charger may then expose the user of the device to line voltages through the ECG

contacts unless costly line isolation circuitry is used. Usage of the device during

charging can also be prevented with a circuitry that detects if the device is con

nected to a charger and resets the microcontroller or powers down the electron

ics while connected to the charger. However, this alone does not prevent charging

of the device while connected to human body.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a novel mobile device

for measuring at least one electrical biosignal.

The invention is characterized by the features of the independent

claims.



A mobile device for measuring at least one electrical biosignal com

prises a first input and a second input, a measuring circuit part for providing an

output signal indicating the electrical biosignal to be measured and comprising a

first input and a second input as well as a charging circuit part for charging a re-

chargeable battery inserted in the device, the charging circuit part comprising a

first input and a second input. Further in the mobile device the first input of the

measuring circuit part and the first input of the charging circuit part are connect

ed to the first input of the mobile device and the second input of the measuring

circuit part and the second input of the charging circuit part are connected to the

second input of the mobile device.

In the mobile device disclosed there are common inputs both for

measuring the electrical biosignal to be measured and for recharging the battery

of the mobile device. This means that charging of the battery of the mobile device

may be easily prevented at the same time when the mobile device is in active op-

eration and measuring the electrical biosignal of the user of the device, because

either a measurement operation or a charging operation may be in use at a time.

Thereby a possibly faulty battery charger device may not expose the user of the

mobile device to line voltages through the measurement electrode contacts. The

number of physical ports or contacts of the mobile device is also minimized,

whereby system costs are reduced and immunity of the mobile device to humid

or wet conditions is increased, since ports or contacts penetrating a device cover

increase a risk to short circuits and failure to water leakages.

Some embodiments of the invention are disclosed in dependent claims.

In an embodiment an additional circuitry is used that detects if the de-

vice is connected to a charger and resets or powers down a microcontroller or a

microprocessor of the device during recharging. This gives additional safety by

preventing running of a measurement algorithm while the device is connected to

the battery charger device. An additional benefit is that a reset action without ad

ditional pins or switches is provided in case normal operation of the micropro-

cessor is for some reason disturbed during usage. Such reasons can be, e.g., elec

trical shocks, processor malfunction or firmware bugs that cause the algorithm to

halt.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by

means of preferred embodiments with reference to the accompanying drawings,



in which

Figure 1 shows schematically a side view of a mobile device for m eas

uring at least one electrical biosignal, a wearable sensor module connectable to

the mobile device and a battery charger device connectable to the mobile device;

Figure 2 shows schematically an internal circuit diagram of the mobile

device of Figure;

Figure 3 shows schematically an embodiment of the internal circuit d i

agram of Figure 2,

Figure 4 shows schematically a second internal circuit diagram of the

mobile device; and

Figure 5 shows schematically an embodiment of the internal circuit d i

agram of Figure 4 .

For the sake of clarity, the figures show some embodiments of the in

vention in a simplified manner. Like reference numerals identify like elements in

the figures.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows schematically a side view of a mobile device 1 for

measuring at least one electrical biosignal. Figure 1 further shows a side view of a

wearable sensor module 18 connectable to the mobile device 1 and collecting a

signal that describes the electrical biosignal to be measured, as well as a side view

of a battery charger device 26 connectable to the mobile device 1 for recharging a

rechargeable battery inserted in the mobile device 1.

The mobile device 1 may for example be a heart rate monitor for

measuring a heart rate of a user of the device 1, in which case the electrical bio-

signal to be measured describes the heart rate of the user of the device 1. Alterna

tively the mobile device 1 may be a mobile electrocardiogram device for measur

ing an electrocardiogram (EKG of the user of the device 1, in which case the elec

trical biosignal to be measured describes the electrical activity of the heart of the

user of the device 1. Alternatively the mobile device 1 may be a mobile electro-

myogram device for measuring an electromyogram (EMG of the user of the d e

vice 1, in which case the electrical biosignal to be measured describes the electr i

cal activity of muscles of the user of the device 1. Alternatively the mobile device 1

may be a mobile electroencephalogram device for measuring an electroencepha

logram (EEG of the user of the device 1, in which case the electrical biosignal to

be measured describes the electrical activity of the brain of the user of the device



1. In addition, the mobile device may detect any electrical functions of the body,

for example the electrical activity of organs such as eye, stomach, liver etc. The

mobile device may also be used for measuring the electrical properties of the

body,e.g. the bioimpedance of the body. The signals describing the electrical activ-

ities of the organs or the electrical properties of the body are also electrical bio-

signals that may be measured with the device 1.

It is also possible to use the device, instead of measuring a biosignal, to

drive an electrical signal to the body to activate the neural or muscular system,

through, e.g., transcutaneous electrical nerve stimulation - TENS, functional elec-

trical stimulation - FES, or electrical muscle stimulation - EMS.

Alternatively to the devices and the electrical biosignals to be m eas

ured as listed above, the mobile device 1 may be intended to measure some other

electrical biosignal or electrical properties of the user of the device 1. In the fo l

lowing description disclosing some embodiments of the mobile device 1, it is as-

sumed that the mobile device 1 is intended to measure the electrocardiogram

(EKG of the user of the device 1.

Figure 2 shows schematically an embodiment of an internal circuit 2 of

the mobile device 1. In Figure 2 the mobile device 1 is shown very schematically

by a box drawn with a broken line. The mobile device 1 comprises a rechargeable

battery 3 for providing an operating power of the mobile device 1. The recharge

able battery 3 may be replaceable because of a failure of the battery 3 or because

of a reduced operating capability of the battery 3 . The battery 3 may also be r e

placed after a certain predetermined lifetime of the battery 3 has passed. The bat

tery 3 may for example be a lithium ion battery.

The internal circuit 2 comprises a first input 4 being a first input 4 of

the mobile device 1. In the embodiments disclosed the first input 4 is a positive

input 4 . The voltage level in the first input 4 may be five volts when a battery

charger device 26 is connected to the mobile device 1, for example. The internal

circuit 2 comprises also a second input 5 being a second input 5 of the mobile de-

vice 1. In the embodiments disclosed the second input 5 is a negative input 5 or a

lower voltage level input 5, i.e. an input connected to a lower voltage level in the

mobile device 1. The second input 5 may thus be grounded, in which case the

voltage level in the second input 5 is zero volt. Alternatively the second input 5

may be a virtual ground input having a voltage level less than the voltage level in

the first input 4 . According to an embodiment the voltage level in the second in

put 5 is 1 - 4 volts for example.



The internal circuit 2 further comprises a measurement signal output

6, through which a measurement signal indicating the electrical biosignal to be

measured is supplied to an analog-to-digital converter and via a radio communi

cation circuitry out of the mobile device 1 for further analysis and/or representa-

tion. The analog-to-digital conventer is shown schematically with a box denoted

with a reference sign 38a and the radio communication circuitry is shown sch e

matically with a box denoted with a reference sign 38b.

The internal circuit 2 comprises a measuring circuit part 7 for r etr iev

ing the signal indicating the electrical biosignal to be measured. The measure-

ment signal describing the electrical biosignal to be measured is connected by the

wearable sensor module 18 which is attached to the user of the device 1 to the

mobile device 1 as described later in more detail. The measuring circuit part 7

comprises a first input 8 and a second input 9 . The first input 8 of the measuring

circuit part 7 is connected to the first input 4 of the mobile device 1, and the sec-

ond input 9 of the measuring circuit part 7 is connected to the second input 5 of

the mobile device 1. The measuring circuit part 7 thus receives through the inputs

4, 5 of the internal circuit 2 an electrical signal from the wearable sensor module

18 connected to the mobile device 1, which electrical signal contains, possibly

together with many other unrelated signals and measurement noise, a signal por-

tion that describes the electrical biosignal to be measured.

The measuring circuit part 7 of Figures 2 and 3 comprises a measure

ment filter 10 and an amplifier 11 connected in series with the measurement fil

ter 10. The measurement filter 10 is a circuit that retrieves the signal portion, i.e.

in a case of the electrocardiogram measurement the electrocardiogram signal,

actually describing or indicating only the electrical biosignal from the measure

ment signal received from the wearable sensor module 18 through the inputs 4, 5

of the internal circuit 3, which measurement signal may also contain noise or oth

er unrelated signal portions. The amplifier 11 amplifies the signal retrieved by the

measurement filter 10 for an analog-to-digital conversion and to a transmission

of the retrieved signal out of the mobile device 1. The digital signal may be trans

mitted out of the mobile device 1 via a wired transmission but preferably wire-

lessly using local area network or Bluetooth radio.

The configuration of the measuring circuit part 7 may vary from that

disclosed in Figures 2 and 3 depending on the electrical biosignal to be measured,

for example.



The internal circuit 2 of the mobile device 1 also comprises a charging

circuit part 13 having parts 26a, 30 and 34 for recharging the rechargeable bat

tery 3 of the mobile device 1. According to an embodiment, part 26a is a battery

charging chip, e.g. MAX1555, part 30 is a switching element that may be a me-

chanical or solid-state switch but preferably a P-channel MOSFET transistor, part

34 is a diode.The charging circuit part 7 comprises a first input 14 and a second

input 15.

The first input 14 of the charging circuit part 13 is connected to the

first input 4 of the mobile device 1, and the second input 15 of the charging circuit

part 13 is connected to the second input 5 of the mobile device 1. The charging

circuit part 13 receives through the inputs 4, 5 of the internal circuit 2 charging

current from the battery charger device 26 connectable to the mobile device 1.

In the mobile device 1 disclosed above the first input 8 of the measur

ing circuit part 7 and the first input 14 of the charging circuit part 13 are both

connected to the first input 4 of the mobile device 1, and the second input 9 of the

measuring circuit part 7 and the second input 15 of the charging circuit part 13

are connected to the same second input 5 of the mobile device 1. To be more pr e

cise, in the embodiments disclosed the first input 14 of the charging circuit part

13 is combined with the first input 8 of the measuring circuit part 7, that are con-

nected together to the first input 4 of the mobile device 1, and the second input 15

of the charging circuit part 13 is combined with the second input 9 of the measur

ing circuit part 7, that are connected together to the first input 4 of the mobile

device 1.

Alternatively, the first input 8 of the measuring circuit part 7 and the

first input 14 of the charging circuit part 13 could be connected through separate

lines to the first input 4 of the mobile device 1 and the second input 9 of the

measuring circuit part 7 and the second input 15 of the charging circuit part 13

could also be connected through separate lines to the second input 5 of the m o

bile device 1.

In other words, the mobile device 1 disclosed above comprises com

mon inputs both for measuring the electrical biosignal to be measured and for

recharging the battery 3 of the mobile device 1.

For actually connecting the mobile device 1 to the wearable sensor

module 18 and to the battery charger device 26 the mobile device 1 comprises a

first connector element 16 connected to the first input 4 of the internal circuit 2

and a second connector element 17 connected to the second input 5 of the inter-



nal circuit 2 of the mobile device 1. The first 16 and the second 17 connector e le

ments in the device 1 connect the device 1 both mechanically and electrically to

the wearable sensor module 18 and the battery charger device 26 through coun

terpart connector elements in the wearable sensor module 18 and the battery

charger device 26. The wearable sensor module 18 and the battery charger device

26 are described shortly next with reference to Figure 1.

The wearable sensor module 18 comprises a first measuring electrode

19 and a second measuring electrode 20 that are brought into contact with a skin

of the user of the mobile device 1. The wearable sensor module 18 of Figure 1

comprises a strap 21 to which the measuring electrodes 19, 20 are attached to,

and the strap 21 is to be put around a body of the user of the mobile device 1 by

using a band 21a. Instead of the strap 21 a shirt, a cap or other piece of clothing

could also provide a foundation for the measuring electrodes 19, 20. The weara

ble sensor module 18 further comprises a first connector element 22 to which the

first measuring electrode 19 is connected through a first signal line 24 and a sec

ond connector element 23 to which the second measuring electrode 20 is con

nected through a second signal line 25.

When the mobile device 1 is taken in use, the first connector element

16 of the mobile device 1 is connected to the first connector element 22 in the

wearable sensor module 18 and the second connector element 17 of the mobile

device 1 is connected to the second connector element 23 in the wearable sensor

module 18. The connection between the connector elements 16, 17 in the mobile

device 1 and the connector elements 22, 23 in the wearable sensor module 18

provide both the mechanical and the electrical connection between the mobile

device 1 and the wearable sensor module 18. After that the wearable sensor

module 18 is put on the user of the mobile device 1 in such a way that the measur

ing electrodes 19, 20 of the wearable sensor module 18 are brought into contact

with the skin of the user of the mobile device 1 and the mobile device 1 is turned

on.

The battery charger device 26 comprises a plug 27 through which the

battery charger device 26 may be connected to a power supply for recharging the

battery 3 in the mobile device 1. In the embodiment of the battery charger device

26 of Figure 1 the plug 27 is a USB-port plug which may be connected to a USB-

port in a portable computer, for example. Other kind of battery charger devices,

like the ones comprising a voltage transformer, may also be applied. The battery

charger device 26 further comprises a first connector element 28 and a second



connector element 29 through which the battery charger device 26 may be con

nected to the mobile device 1.

When the battery 3 of the mobile device 1 is to be recharged, the m o

bile device 1 is unfastened from the wearable sensor module 18 and the first con-

nector element 16 of the mobile device 1 is connected to the first connector ele

ment 28 of the battery charger device 26 and the second connector element 17 of

the mobile device 1 is connected to the second connector element 29 of the bat

tery charger device 26. The connection between the connector elements 16, 17 in

the mobile device 1 and the connector elements 28, 29 in the battery charger de-

vice 26 provide both the mechanical and the electrical connection between the

mobile device 1 and the battery charger device 26. After the battery 3 of the m o

bile device 1 is recharged, the mobile device 1 is unfastened from the battery

charger device 26 and the mobile device 1 may be started to use again.

As stated above, the mobile device 1 disclosed comprises common in-

puts both for measuring the signal describing or containing a signal indicating the

electrical biosignal to be measured and for recharging the battery of the mobile

device.

This means firstly, that charging of the mobile device 1 may be easily

prevented at the same time when the mobile device 1 is connected to the weara-

ble sensor module 18, i.e. the charging of the mobile device 1 is prevented at the

same time when the mobile device 1 is in operation and measuring the electrical

biosignal of the user of the device 1, because either a measurement operation or a

charging operation may be in use at a time. Thereby a possibly faulty battery

charger device may not expose the user of the mobile device 1 to line voltages

through the measurement electrode contacts.

Secondly, the number of physical ports or contacts of the mobile d e

vice 1 is also minimized, whereby system costs are reduced. Also the immunity of

the mobile device 1 to humid or wet conditions, for example due to sweating,

swimming or shower, is increased, since ports or contacts penetrating a device

cover increase a risk to short circuits and failure to water leakages.

As stated above, the connector elements 16, 17 in the mobile device 1

and the connector elements 22, 2 3 in the wearable sensor module 18 or the con

nector elements 28, 29 in the battery charger device 26 provide both the mechan

ical and the electrical connection between the mobile device 1 and the wearable

sensor module 18 or the battery charger device 26. That kind of connection may

be implemented for example with snap fasteners. The connector elements 16 and



17 can also be part of a single electromechanical connector that snaps on a re-

ceptable connector in the wearable sensor module 18 and the battery charger

device 26. The connectors in mobile device 1 and the wearable sensor module 18

can have a multitude of other connector elements for connecting to other sensor

elements in the wearable sensor module 18, e.g. to other ECG electrodes or to a

temperature sensor. The connector elements 28 and 29 may likewise be incorpo

rated in a single connector to which the connector in mobile device 1 is attached.

Referring to Figure 2 again, the charging circuit part 13 of the mobile

device 1 comprises a switching element 30 that is connected both to the first sig-

nal input 4 of the mobile device 1 and to the second signal input 5 of the mobile

device 1. The switching element 30 detects a presence of the battery charger d e

vice 26 whereby the switching element 30 is configured to switch the charging

circuit part 13 on a low-impedance on-state for charging the battery 3 of the m o

bile device 1. When the battery charger device 26 is removed from the mobile

device 1, the switching element 30 is configured to switch the charging circuit

part 13 back to a high-impedance off-state for the measurement of the at least one

electrical biosignal.

The switching element 30 of Figure 2 comprises a first connection 31

that is connected to the first input 4 of the mobile device 1. The switching element

30 comprises a second connection 32 that is connected to the second input 5 of

the mobile device 1. The switching element 30 of Figure 2 comprises also a third

connection 33 that is to be connected to the battery charging chip 26a in the cir

cuit 2 of the mobile device 1.

The charging circuit part 13 comprises also the diode 34. The diode 34

comprises a first connection 35, i.e. an anode connection that is to be connected to

the battery charging chip 26a. The diode 34 comprises also a second connection

36, i.e. a cathode connection that is connected to the second input 5 of the mobile

device 1. The diode 34 prevents any possible current flow from the direction of

the second input 5 of the mobile device 1 towards the first input 4 of the mobile

device 1 in a case that the second input 5 is not a completely grounded input but a

virtual ground input having a voltage level above zero volts.

When the battery charger device 26 is connected to the mobile device

1, the battery charger device 26 will thus be connected between the switching

element 30 and the diode 34 in the charging circuit part 13, whereby the switch-

ing element 34 activates and allows a charging current flow in the charging circuit

part 13 and the battery 3 is started to be recharged. When the battery charger



device 26 is disconnected from the mobile device 1, the switching element 30 d e

activates and a current flow in the charging circuit part 13 is prevented. The

switching element 30 thus provides a kind of a detection circuit which automati

cally detects whether a battery charger device 26 is connected to the mobile de-

vice 1 or not and correspondingly either allows or disallows a current flow in the

charging circuit part 13.

According to an embodiment the switching element 30 is a transistor

37, such as a field effect transistor or a FET transistor. The switching element 30

could also be a transistor pair, such as a complementary CMOS transistor pair.

Figure 3 shows schematically an embodiment of the internal circuit 2 of Figure 2

when the switching element 34 is a single transistor 37.

In the embodiment of Figure 3, a source S of the transistor 37 provides

the first connection 31 of the switching element 30 that is connected to the first

input 4 of the mobile device 1. A gate G of the transistor 37 provides the second

connection 32 of the switching element 30 that is connected to the second input 5

of the mobile device 1. A drain D of the transistor 37 provides the third connec

tion 33 of the switching element 30 that is to be connected to the battery charging

chip 26a when the battery charger device 26 is connected to the mobile device 1.

When the battery charger device 26 is connected to the mobile device

1 the transistor 37 switches to the low-impedance on-state for allowing a current

flow in the charging circuit part 13. When the battery charger device 26 is d is

connected from the mobile device 1 the transistor 3 switches back to the high-

impedance off-state for preventing the current flow in the charging circuit part

13.

When the switching element 30 is implemented by a transistor 37, the

switching element 30 has a very simple and cost-efficient implementation. Other

kinds of switching element embodiments different from those disclosed above are

naturally possible.

Switching element may be a mechanical or solid-state relay controlled

by a microprocessor of the mobile device 1. In this embodiment, the input of a

voltage comparator is connected to the input 4 of the mobile device 1. The output

of the voltage comparator is given to the microprocessor. When the battery

charger device 26 is connected to the mobile device 1, the voltage comparator

detects that the input 4 of the mobile device 1 is at a high charging voltage and

supplies a signal to the processor that closes the switching element 30 and a

charging current flows onto the battery charging chip 26a. When the mobile de-



vice 1 is measuring the electrical biosignal, the voltage comparator detects that

the voltage level of the input 4 of the mobile device 1 is low and thereby the pro

cessor opens the switching element 30.

In the embodiment of Figure 4, the battery charging circuitry 13

and/or the battery charging chip 26a provides an additional reset signal 39 when

device 1 is connected to the battery charger device 26. The signal 39 is used to

stop normal operation of the device 1 by resetting a microcontroller 40 or a m i

croprocessor 40 which runs or executes the firmware responsible for controlling

operations in the mobile device 1. A simple realization of such resetting circuitry

is shown in Figure 5 . A MOSFET transistor 41 detects whether signal in the third

connection 33 of the switching element 30 in the battery charging circuitry is ON

and goes to LOW-state. A resistor 42 serves as a pull-up resistor. The reset signal

output 39 of the transistor 41 is taken to the reset input 43 of the microcontroller

40. In this way operation of the device 1 is prevented while connected to battery

charger device 26 providing charging current. An additional benefit is that the

microcontroller 40 can be reset without additional switches or output pins pene

trating the device 1 cover in case the normal operation of the device 1 is halted

due to malfunction of the microcontroller.

It will be obvious to a person skilled in the art that, as the technology

advances, the inventive concept can be implemented in various ways. The inven

tion and its embodiments are not limited to the examples described above but

may vary within the scope of the claims.



CLAIMS

1. A mobile device (1) for measuring at least one electrical biosignal,

the device (1) comprising

a measuring circuit part (7) for providing an output signal indicating

the electrical biosignal to be measured, the measuring circuit part (7) comprising

a first input (8) and a second input (9),

a charging circuit part (13) for charging a rechargeable battery (3) in

serted in the device (1), the charging circuit part (13) comprising a first input

(14) and a second input (15), c h a r a c t e r i z e d in that

the mobile device (1) comprises a first input (4) and a second input

(5), and that

the first input (14) of the charging circuit part (13) is combined with

the first input (8) of the measuring circuit part (7), the first input (8) of the meas

uring circuit part (7) and the first input (14) of the charging circuit part (13) be-

ing connected to the first input (4) of the mobile device (1), and the second input

(15) of the charging circuit (13) part is combined with the second input (9) of the

measuring circuit part (7), the second input (9) of the measuring circuit part (7)

and the second input (15) of the charging circuit part (13) being connected to the

second input (5) of the mobile device (1), and that

the charging circuit part (13) comprises a switching element (30) for

switching the charging circuit part (13) to a low-impedance on-state for charging

the rechargeable battery (3) inserted in the mobile device (1) and to a high-

impedance off-state for the measurement of the at least one electrical biosignal.

2 . A mobile device as claimed in claim 1, c h a r a c t e r i z e d in that

the measuring circuit part (7) comprises a measurement filter (10) for

retrieving an output signal indicating the electrical biosignal to be measured and

an amplifier (11) for amplifying the retrieved signal indicating the electrical b io

signal to be measured.

3 . A mobile device as claimed in claim 1, c h a r a c t e r i z e d in that

the switching element (30) is a transistor (37), whereby a source (S) of

the transistor (37) is connected to a first input (4) of the mobile device (1), a gate

(G) of the transistor (37) is connected to the second input (5) of the mobile device

(1) and a drain (D)of the transistor (37) is connectable to a current supply for

charging the rechargeable battery (3), the transistor (37) switching to the low-

impedance on-state in response to the current supply being connected to the mo-



bile device (1).

4 . A mobile device as claimed in any one of the preceding claims,

c h a r a c t e r i z e d in that

the mobile device (1) comprises a first connector element (16) con-

nected to the first input (4) of the mobile device (1) and a second connector ele

ment (17) connected to the second input (5) of the mobile device (1), the first

connector element (16) and the second connector element (17) configured to

provide both a mechanical and an electrical connection between the mobile d e

vice (1) and a wearable sensor module (18) or a battery charger device (26) con-

nectable to the mobile device (1).

5 . A mobile device as claimed in any one of the preceding claims,

c h a r a c t e r i z e d in that the mobile device (1) comprises a microcontroller

(40) arranged to execute a firmware arranged to control operations in the mobile

device (1), and that the charging circuit part (13) is arranged to provide a reset

signal (39) the state of which is arranged to change when the mobile device (1) is

connected to a battery charger device (26), the reset signal (39) being used to

reset and/or stop the microcontroller (40).

6 . A mobile device as claimed in claim 5, c h a r a c t e r i z e d in that

the reset signal (39) is realized by using an element, such as a MOSFET transistor,

arranged to sense a state of a signal that is arranged to activate in response to the

battery charger device (26) being connected to the mobile device (1), thus act i

vating the reset signal (39) to reset and/or stop the microcontroller (40).

7 . A mobile device as claimed in any one of the preceding claims,

c h a r a c t e r i z e d in that the mobile device (1) is at least one of the follow-

ing: a heart rate monitor for measuring a heart rate, an electrocardiogram device

for measuring an electrocardiogram (EKG), an electromyogram device for m eas

uring an electromyogram (EMG), an electroencephalogram device for measuring

an electroencephalogram (EEG).

8 . A wearable sensor module (18) connectable to the mobile device (1)

as claimed in any one of claims 1 to 7, the wearable sensor module (18) compris

ing

at least one pair of measurement electrodes (19, 20) for measuring a

signal describing at least one electrical biosignal to be measured, and

a first connector element (22) and a second connector element (23)

connectable to the first (16) and the second (17) connector elements of the m o

bile device (1) for connecting the wearable sensor module (18) both mechanically



and electrically to the mobile device (1).

9 . A battery charger device (26) connectable to the mobile device (1)

as claimed in any one of claims 1 to 7, the battery charger device (26) comprising

a first connector element (28) and a second connector element (29)

connectable to the first (16) and the second (17) connector elements of the m o

bile device (1) for connecting the battery charger device (26) both mechanically

and electrically to the mobile device (1).

10. Use of a mobile device (1) as claimed in any one of claims 1 - 7 to

drive an electrical signal to a body of a user of the device (1) to activate a neural

or muscular system or to measure electrical properties.
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