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An ear plug with surface electrodes 

The present invention relates generally to ear plugs. More spe­

cifically, the present invention relates to an ear plug comprising a shell 

with at least two electrodes adapted for measuring brain wave signals, 

5 said electrodes being connected with means for processing the measured 

signals. 

It is generally known, particularly within medical science, to 

measure brain waves by placing electrodes on the scalp of a subject, 

whose brain waves it is desired to measure (for simplicity denoted "sub-

10 ject" in the following), and to view, process and interpret the measured 

brain waves using suitable equipment. Typically, such equipment is an 

electroencephalograph, by means of which a so-called electroencephalo­

gram (EEG) may be achieved. Such an EEG provides a measurement 

and recording of electrical activity in a subject's brain by measuring the 

15 electric potential generated on the surface of the subject's scaip by 

currents flowing between dendrites in the subject's brain. Within medical 

science EEC's are used for various diagnostic purposes. 

A system for such a use is known from W0-Al-2006/047874, 

which describes measurement of brain waves by use of electrodes placed 

20 in connection with at least one of the ears of the subject, i.e. placed on 

an outer ear part or placed in the ear canal. The measurements are used 

particularly for detecting the onset of an epileptic seizure. WO-A1-

2006/047874 also describes the use of electrodes in pairs as detection 

and reference electrodes respectively, such a setup being well known in 

25 thefieid of electroencephalography. 

Furthermore it is known from WO-A1-2008/116462 to measure 

the hearing ability of the subject by using a hearing aid to generate a 

test stimulus signal and transmit said signal to a subject as an acoustic 

stimulus, and by detecting a brain wave response to said acoustic stimu-

30 lus signal by use of separate electrodes placed on the subject's scalp and 

to transmit the brain wave response to an electrophysiological instru­

ment such as an electroencephalograph for processing. 

WO-A1-2007/047667 describes an ear plug for measuring EEG-
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signals. The ear plug comprises an exterior shell with electrodes, the 

shell being made of a soft, compressible material, such as memory 

foam, capable of conforming to the interior of an individual's auditory 

canal. The signals obtained with the ear plug are transmitted to external 

5 units for processing and monitoring. 

However, at least the signal processing devices of the known 

systems are, due to their complexity and use of extensive and compli­

cated equipment, confined to use and operation by qualified staff. Fur­

thermore the placement of in by far most cases electrodes and in any 

10 case associated wiring on various parts of the subject's scaip and/or 

head renders the known systems rather unattractive for use outside 

laboratory surroundings, thus rendering exploitation of the advantages 

related to the use of brain wave measurements outside the laboratory 

e.g in everyday use rather cumbersome. 

15 With the ear plug according to WO-A1-2007/047667 a solution 

to the problem regarding the electrodes is proposed. However, several 

disadvantages remain. There is a risk of insufficient contacting between 

the ear canal and the electrodes due to the shell, which again may cause 

poor or insufficient signal quality. Also, the shell properties imply a low 

20 durability of the proposed ear plug. Furthermore, it is well known, that 

ear plugs of the type proposed in W0-Al-2007/047667 cause an 

enlarged risk of the user suffering from occlusion and/or insufficient ven­

tilation of the ear canal, particularly during long term use. 

The present invention therefore aims at providing an ear plug by 

25 means of which ear plug electrical brain wave measurements such as 

EEGs become possible without or with a minimum of use of extensive 

and complicated equipment, which ear plug may be used in an uncom­

plicated way in everyday life while obtaining high quality brain wave sig­

nals, and with which the advantages related to the use of brain wave 

30 measurements may be readily utilized outside the laboratory. 

According to a first aspect of the invention this object is 

achieved by providing an ear plug comprising a shell with at least two 

electrodes adapted for measuring brain wave signals, said electrodes be­

ing connected with means for processing the measured signals, wherein 
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the contours of the outer surface of the ear plug are individually 

matched to at least part of the ear canal and the concha of the user, 

and wherein the ear plug is made of a dimensionally stable material for 

identical positioning in the ear canai each time it is inserted. 

5 Thereby an ear plug is provided with which an improved contact 

between the user's ear canal and the electrodes and a very high degree 

of repeatability in the placement of the electrodes between individual 

measurement sessions is obtained in that the ear plug due to being in­

dividually matched will be positioned identically in the ear canal each 

10 time it is inserted. Thereby measurement uncertainties related to quan­

titative and qualitative variations due to changed electrode positions or 

insufficient contact may substantially be avoided. 

As the ear plug according to the invention is individually 

matched it comprises surface convexities matching the concavities of 

15 the specific ear canal of the specific user to whom the plug is individual­

ly matched. This has several advantages. Firstly, there is one correct 

position of the ear plug in the user's ear canal only, and thus the ear 

plug is easy to insert and it is easy to determine when it is in its correct 

position. Secondly, the right and left ear plugs cannot be confused as 

20 each ear plug matches one specific ear canal. Furthermore, the ear plug 

according to the invention is firmly secured in the ear canal of the user 

substantially by friction alone, and produces no static pressure against 

the skin of the ear canal. Consequently, the ear plug according to the 

invention is very well suited for long term use, e.g. for use during the 

25 night, as the long term inconveniences caused by the static pressure 

against the skin of the ear canal in conventional ear plugs are eliminat­

ed. Also, the ear plug according to the invention is very well suited for 

use by children and other persons who cannot insert the plug into their 

ear canal themselves as the plug is very easy to insert and as it is easy 

30 for an assisting person to determine when the plug is in proper place. 

Also, the ear plug according to the invention will not fall out of the ear 

canai during physicai activity. 

Individually matched ear plugs are widely known and used 

within the hearing aid industry as completely-in-canal (CIC), in-the-ear 

35 (ITE) or as the ear plug of a behind the ear (BTE) hearing aid. For in­

stance WO-A1-92/11737 describes a technology for preparing such ear 
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plugs by tracing the shape of a users outer ear, and particularly of a us­

ers ear canal and concha, converting the traced shape to a digital form 

such as a three-dimensional computer model, optimizing the shape of 

the ear plug based on the three-dimensional computer model and finally 

5 building the ear plug based on the optimized computer model by means 

of a computer controlled production process such as e.g. laser printing. 

Furthermore, the use of a dimensionally stable material provides for a 

significantly improved durability, as well as for avoiding occlusion and 

improving ventilation of the user's ear canal during use of the ear plug, 

10 as such a material offers the possibility to have a ventilation duct of op­

timal size while maintaining a good skin connection. However, WO-A1-

92/11737 is not concerned with electrodes of any kind. 

Providing the at least two electrodes with a shape following the 

local contours of said shell at the electrode and thereby being individu-

15 ally matched to the concha and the ear canal of the user, has the advan­

tage of providing smooth transitions between the electrode and the sur­

rounding part of the shell of the ear plug, and particularly a generally 

smooth shell surface, is achieved, which increases the wearing comfort 

of the user. 
20 Another advantage related to an ear plug according to the in­

vention is the provision of the possibility of placing electrodes for meas­

uring brain waves in a position deep within the ear canal of the user. 

Thereby artefacts due to muscle activity may be reduced or eliminated, 

because the plug will always be placed in the same way and have tight 

25 connection with the skin as there are no muscles in the human auditory 

canal and thereby no movement of the piug inside the canal or in the 

concha. 
Furthermore, an ear plug according to the invention provides for 

that a subject's brain waves may be monitored and measured, and that 

30 the thus measured brain waves may be transmitted to other internal or 

external electronic components or units for further processing. With such 

an ear piug, it is possible to measure brain waves and transmit the 

measured brain waves to electronics for processing the measured brain 

waves using a simple and small device that is inconspicuous when worn 
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by the user and thus more attractive to wear outside the laboratory. Also 

such an ear plug provides for the possibility of using, the brain wave 

measurements in mobile equipment as it is considerably more practical 

to wear and use outside the laboratory as compared with the prior 

5 known devices. 

Enabling the measurement of brain waves during everyday life 

by using an ear plug according to the invention provides the main ad­

vantage of enabling continuous around the clock monitoring of various 

factors relating to the user's health state such as heart rate, tempera-

10 ture, blood sugar level, state and/or seizure onsets related to various 

diseases etc. in a way interfering as little as possible in the user's every­

day life both on a practical and aesthetic level. An example of such a use 

of brain wave measurements, namely to detect onsets of epileptic sei­

zures, is as mentioned above described in W0-Al-2006/047874, 

15 In a preferred embodiment the ear plug according to the inven­

tion is an ear plug adapted for use in a hearing aid, but may in principle 

be any type of ear plug, thereby enabling persons not needing hearing 

aids to iikewise benefit from the advantages of the invention. 

Enabling the measurement of brain waves during everyday life 

20 by using an ear piug according to the invention in a hearing aid has a va­

riety of uses and advantages. Such uses and advantages include, but are 

not limited to: 

a) On insertion of the hearing aid in the ear canai of a 

user, determining whether the hearing aid plug is 

25 placed correctly, i.e. whether the plug is in contact 

with the tissue of the ear canal. If one or more elec­

trodes are not in (proper) contact with tissue, the 

measured signal will be weaker than when all elec­

trodes are properly contacting the tissue. If no elec-

30 trodes are in contact with tissue, the hearing aid will 

automatically switch to stand-by. 

b) Automatically informing the user, e.g. with a desig­

nated signal, if the hearing aid is not placed cor­

rectly in the ear canal or is malfunctioning. 
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c) Detecting conditions or events related to the user or 

to the surroundings by combining the signal de­

tected by means of the electrodes with signals ob­

tained with other types of sensors such as micro-

5 phones, accelerometers, infrared sensors etc. Such 

a combined use of different sensor types has the 

purpose of gaining better information than would be 

possible using one sensor type alone, and is a prin­

ciple generally known as sensor fusion. 

10 According to a preferred embodiment, the ear plug is made of a 

dimensionaily stable material, whereby an improved repeatability in the 

positioning of the electrodes may be achieved. 

The term "dimensionaily stable materia!" is as used herein in­

tended to mean materials, that once shaped into a device having a par-

15 ticuiar shape substantially maintain that shape and stay resilient over a 

long period of time and during repeated use of the device. 

Furthermore, particularly preferred dimensionaily stable and re­

silient materials likewise comprise a certain amount of flexibility to pro­

vide for an ear plug being comfortable to wear within the ear canal, such 

20 as to minimize irritation. 

According to a preferred embodiment, the electrodes are indi­

vidually matched to at least part of the ear canal and the concha of the 

user, whereby a further improved fit of the ear plug in the ear canal of 

the user may be achieved. 

25 According to a preferred embodiment, the means for processing 

electrical signals is adapted for delivering a signal to the user. Such a 

signal may in principle be any type of signal such as a tactile or visual 

signal but is preferably either an audible signal aimed directly at the user 

or a signal transmitted to an external unit in order to gain the user's at-

30 tention. Thereby the possibility of direct surveillance of the user's health 

state is provided, and an action may be taken immediately upon detect­

ing, preferably by means of said means for processing electrical signals, 

that the user's health state is developing in an undesired way. For in­

stance possible actions that may be taken by the means for taking an 
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action include, but are not limited to, issuing a warning such as an 

acoustic, visual or tactile signal, drawing the user's attention to his or 

her health state, or transmitting relevant user health data to a monitor­

ing unit to enable e.g. the user or other relevant persons to take an ap-

5 propriate action, such as e.g. medication of the user. 

According to another preferred embodiment, the means for 

processing electrical signals is external means whereby another version 

of a particularly simple ear plug is provided by minimizing the quantity of 

electronics to be accommodated in the ear plug. The means for process-

10 ing may also include transmission of the electricai signals. 

According to a particularly preferred embodiment, the means for 

processing electrical signals is located in the ear plug, whereby a particu­

larly simple ear plug with a minimum of externally placed equipment is 

provided, which ear plug is particularly convenient for mobile use during 

15 everyday life. 

According to a preferred embodiment, the connecting means 

comprise conductive wiring drawn in or through the shell and/or on the 

surface of the shell of the ear plug, whereby the connecting means are 

provided in a particularly simple manner with the particular advantage of 

20 avoiding connecting means being placed on the outside of the shell of 

the ear plug. 

According to a preferred embodiment, the conductive wiring 

drawn on the surface of said shell is arranged to form, or may be 

adapted to accommodate, at least one of said electrodes, whereby the 

25 electrodes may be formed in a particularly simple manner. 

According to a preferred embodiment, the ear plug further com­

prises a pin or a rivet extending between the electrode and the connect­

ing means, through at least a part of the shell of the ear plug in such a 

way that a part, such as a head, of the pin or rivet is arranged flush with 

30 or on the surface of the shell. Thereby the part of the connecting means 

extending through at least part of the shell of the ear plug is provided as 

a more stable and durable connection, particularly being less prone to 

loose connections due to wear induced stresses and strains. 

According to a further embodiment, the part, e.g. the head, of 
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said pin or rivet, being arranged flush with or on said surface of said 

shell is adapted to form or accommodate said at least one electrode, 

whereby the electrical connection between the pin or rivet and the elec­

trode is established automatically and is of increased durability. 

5 According to a preferred embodiment, the ear plug comprises at 

least one recess in which the at least one electrode is mounted, the bot­

tom surface of the recess following the contours of the outer surface of 

the ear plug, whereby the contours of the electrode mounted in the re­

cess will take shape after the contours of the recess and thereby the ear 

10 plug. Preferably, the electrode is made of an electrically conductive flexi­

ble material, preferably an electrically conductive siiicone. 

According to a preferred embodiment, the electrode is held in 

the recess by the electrode comprising at least one of a close fit to the 

recess, at least one convexity corresponding to at least one concavity 

15 provided in the recess and an adhesive, thereby ensuring a well secured 

electrode, that is simultaneously easy to exchange when worn down. 

According to a preferred embodiment, the electrodes are po-

larizabie electrodes, preferably made of an alloy, e.g. stainless steel or 

platinum-iridium, or a nobie metai, e.g. silver, titanium, platinum or 

20 tungsten, such materials providing for electrodes being particularly du­

rable when exposed to the conditions prevailing in the human ear canal. 

According to another preferred embodiment, the electrodes are 

non-polarizable electrodes, preferably Ag/AgCI electrodes, which enables 

the use of electrodes of a very small size, such as e.g. 1 mm2. 

25 According to a preferred embodiment, the at least two elec­

trodes comprise an area of at least 1 mm2, preferably between 1 mm2 

and 30 mm2, as such a size of electrodes has proven to be a particularly 

good compromise between size and signal quality, particularly signal 

strength. More specifically, electrodes of such a size have been shown to 

30 be large enough to enable provision of signals of sufficient strength and 

thus quality for the further processing. 

Furthermore, as larger electrodes provide signals of better qual­

ity, and as a general standard electrode size is in the order of 1 cm2, the 

mentioned preferred interval is also chosen as a compromise between 
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electrode size and obtaining sufficient separation between the individual 

electrodes. Sufficient separation between electrodes is of great im­

portance to ensure that the signals obtained by two neighbouring elec­

trodes are not mutually affected; either through the electrodes or 

5 through the tissue area on which the electrodes are placed. 

The at least two electrodes are provided to the shell of the ear 

plug by means of a technique chosen from the group consisting of Phys­

ical Vapour Deposition (PVD), sputtering, a printing technique such as 

pad-printing and an inkjet technique using conductive ink. These meth-

10 ods are preferred, as they are methods proven to be particularly useful 

and efficient for placing a metallic material on a surface, here being the 

shell of an ear plug. 

An alternative method for providing a surface with a metallic 

layer is known from EP-B1-1587343 describing how to provide a behind-

15 the-ear component of a hearing aid with a high frequency antenna or a 

coil for transmitting electromagnetic energy or data. 

Another alternative method is described in EP-Bl-1351551 and 

is known as MID (Moulded Interconnect Device) moulding. In MID 

moulding the moulding material, such as a plastic, is provided with me-

20 tallic beads, such as Silver-Palladium (Ag-Pa). When a structure has 

been moulded, the Ag-Pa beads may be activated, e.g. by laser. When 

subsequently providing a metallic layer to the surface of the structure, 

the metallic layer will be confined to the activated areas, and the acti­

vated areas may furthermore be used as conductors for transmitting an 

25 electrical signal from the metallic layer. 

According to a second aspect of the invention, a system com­

prising an ear plug and at least one electrode, the ear plug and the elec­

trode being individually matched to at least part of the ear canal and the 

concha of the user and made of a dimensionaily stable material, and a 

30 behind-the-ear (BTE) component, where the BTE component accommo­

dating means for processing the brain wave signals, is provided. 

According to a preferred embodiment, the BTE component 

comprises at least one electrode for measuring brain wave signals. 

Preferably, the ear plug of the system is an ear plug according 

35 
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to any one embodiment of the first aspect of the invention. 

According to a third aspect of the invention, there is provided a 

method of producing an ear plug with surface electrodes for measuring 

brain wave signals comprising the steps of, tracing the shape of a part 

5 of the user's ear canal and concha, converting the traced shape into a 

digital form such as a three dimensional computer model and building 

the ear plug based on the computer model by means of a computer con­

trolled production process, wherein at least one electrode is placed indi­

vidually according to the shape of the user's outer ear. 

10 According to a further preferred embodiment the at least one 

electrode is placed individually according to the shape of the user's out­

er ear. 

Also disclosed is a method of producing an ear plug as de­

scribed above, preferably using Stereolithography (SLA), Selective Laser 

15 Sintering (SLS), Fused Deposition Modelling (FDM) or similar printing 

techniques, the method comprising the steps of providing a shell pro­

vided with a surface having contours being individually matched to the 

contours of the ear canal of a user, the shell being comprised of a di­

mensionaily stable material, and comprising the further step of provid-

20 ing on and/or in a surface of said shell at least two electrodes adapted 

for detecting electrical signals such as brain waves. 

The method may include one or more of the further steps of: 

providing connecting means connecting the at least 

two electrodes with means for processing electrical 

25 signals; 

providing each of the at least two electrodes with a 

shape following the local contours of the shell at the 

electrode; and 

providing the ear plug with means for processing 

30 electrical signals and/or means for taking an action in 

response to an output of said means for processing 

electrical signals. 

The method may include that the step of providing said con­

necting means comprises 
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providing conductive wiring drawn in and/or through said shell of said 

ear plug and/or comprises providing a pin or a rivet extending through 

at least a part of said shell of said ear plug in such a way that a part, 

such as a head, of said pin or rivet is arranged flush with or on said sur-

5 face of said shell. 

The method may include that the step of providing said at least 

two electrodes is performed by means of a technique chosen form the 

group consisting of Physical Vapour Deposition (PVD), sputtering, a 

printing technique such as pad-printing and an inkjet technique using 

10 conductive ink. 

The invention will now be described in further detail based on a 

non-limiting exemplary embodiment, and with reference to the draw­

ings. In the drawings, 

fig. 1 shows the system of an ear plug together with a BTE 

15 component 

fig. 2 shows an ear plug according to the invention, 

fig. 3 shows a cross section of the outer ear of the human ear, 

figs, 4A, 4B, 5A and 5B show cross sectional views of four dif­

ferent embodiments of an electrode and connecting means of an ear 

20 plug according to the invention, 

fig. 6 is a diagram showing an embodiment of the electronics of 

an ear plug according to the invention, and 

fig 7 shows an embodiment of the ear plug in a monitoring de­

vice. 

25 Fig. 1 shows an example of a use of an ear plug according to 

the invention in a system with a behind-the-ear (BTE) component. The 

system comprises a BTE-component 101, an ear plug 103 according to 

the invention for insertion in the ear canal of a user, the ear plug 103 

thus constituting an in-the-ear (ITE) component, and a connection 

30 means 102 for connecting the BTE-component 101 and the ear plug 

103. The ear plug 103 comprises a surface and a connection opening 

104. In one embodiment of the invention, the shown system could be a 

hearing aid. 

The opening 104 is in one embodiment of the system an open-

35 ing for a receiver of a hearing aid. The receiver is placed in an ear plug 
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103 in a so called receiver-in-the-ear (RITE) solution, connected to the 

BTE-component 101 through connecting means 102. Or the hearing aid 

receiver may be placed in the BTE-component and sound is transmitted 

to the user through connection 104 connected to the BTE-component via 

5 a sound tube 102. The connection opening 104 may also act as a venti­

lation duct to ensure good ventilation of the ear canal. 

In another embodiment the system is adapted to monitor the 

medical state of the user. The brain wave signals detected by the elec­

trodes are transmitted to the BTE-component for further processing. 

10 Here the opening 104 may be used to signal the user in case of a seizure 

by placing a receiver either in the plug 103 or in the BTE-component 

101. The opening 104 may also be a ventilation duct. 

Fig. 2 shows an ear plug 200 according to the invention. The ear 

piug 200 comprises a shell 206 and five electrodes 201, 202, 203, 204 

15 and 205 adapted for detecting electrical signals such as brain waves. The 

ear plug 200 further comprises an opening 207 connecting the ear canal 

of the user with the surroundings thus avoiding occlusion i.e obstructing 

the hearing of the user. 

The surface of the shell 206 of the ear plug 200 comprises a 

20 double curvature and is provided with contours being individually 

matched to the contours of the ear canal of a user. As mentioned, such a 

shell 206 may be produced for instance using the technology described 

in the applicants WO-A1-92/11737, or any other suitable technology. 

The geometry of the ear of a user may for instance be replicated by 

25 making a wax impression of the ear and, subsequently, performing a 

three-dimensional scanning of the wax impression. Alternatively a direct 

measurement of the ear using an ear scanner may be performed. Sub­

sequently the obtained three-dimensional model of the ear is used as a 

basis for modelling a three-dimensional mode! of the ear piug using suit-

30 able software. The actual ear piug is then produced based on the three-

dimensional model by using a suitable method. Typically such a method 

is a rapid prototyping method, such methods being generally known 

within the field of hearing aids. Examples of rapid prototyping methods 

are Stereolithography (SLA), Selective Laser Sintering (SLS) and Fused 
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Deposition Modelling (FDM). The shell 206 of the ear plug is produced of 

a dimensionaily stable and resilient materia! capable of maintaining a 

particular shape over a long period of time and during repeated use of 

the ear plug, while preferably aiso comprising sufficient fiexibiiity to pro-

5 vide an ear plug being comfortable to wear within the ear canal, particu­

larly during extended continuous use. Typical materials for producing an 

ear piug, and particularly a shell of an ear plug, according to the inven­

tion include, but are not iimited to, plastic materials and silicones. 

The electrodes 201 - 205 are arranged or integrated on the sur-

10 face of the shell 206 of the ear piug 200. The electrodes 201 - 205 are 

each adapted to follow the local contours of the shell 206 in the close vi­

cinity of the electrode 201 ~ 205. Preferably, the electrodes protrude 

slightly from the surface of the shell of the ear plug, thereby providing 

for electrodes pressing more tightly against the skin than the surface of 

15 the shell, and thus for improved electrical contact between the skin of 

the user and the electrodes. Alternatively the electrodes 201 - 205 may 

be embedded or integrated in the surface of the shell 206 of the ear plug 

200, and/or the surface of the electrodes 201 - 205 may be flush with 

the surface of the shell 206. 

20 The exact number of electrodes 201 - 205 provided may be 

more or less than the five electrodes 201 - 205 shown and remain un­

critical. However, as the actual detection of brain waves is preferably 

performed with respect to a reference point, the provision of at least two 

electrodes is preferred, as such a configuration provide for the possibility 

25 of allowing at least one of the electrodes to act as reference point, thus 

being a reference electrode, for the remaining electrodes, thus being de­

tecting electrodes, thereby improving the quality of the measured sig­

nals. Alternatively the electrodes 201 - 205 may be set up to operate in 

clusters, e.g. in pairs, with one electrode acting as a reference electrode 

30 for one or more other electrodes, thus acting as detecting electrode(s). 

The electrodes 201 - 205 may be polarizabie electrodes or non-

poiarizable electrodes. Polarizabie electrodes are electrodes transferring 

a potential capacitively, i.e. with little or without any transport of 

charges from the skin to the electrode. Non-polarizable electrodes are 
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eiectrodes by which a transport of charges between the skin and the 

electrode is conducted with little or without loss of energy in the transi­

tion between skin and electrode. In such electrodes a transformation oc­

curs in the said transition from ion transport in the skin to electron 

5 transport in the electrode, whereby a current is running in the said tran­

sition. 

In case of polarizabie electrodes, the eiectrodes 201 - 205 are 

preferably made of alloys such as stainless steel and platinum-iridium 

and noble metals such as silver, titanium, platinum and tungsten. In 

10 principle, however, any material suitable for resisting the harsh envi­

ronment in the ear canal of a human may in principle be used. 

In case of non-polarizable electrodes, the electrodes 201 - 205 

are preferably made of silver-silver chioride (Ag/AgCI). Ag/AgCl elec­

trodes may be made by means of a sintering process, in which a die is 

15 filled with a mixture of powdered Ag and AgCI and compressed in a press 

to form a pellet. The pellet is then removed from the die and baked at 
400 °C for a suitable amount of time, normally several hours. The re­

sulting sintered electrode has a high durability, and is a preferred type of 

electrode for use in the embodiments shown on Figs 4A, 4B and 5B and 

20 described below. 

Alternatively, Ag/AgCI electrodes may be made by chlorination 

performed by electrolysis in hydrochloric acid in a concentration with a 

pH of 2, in which a reference electrode made of silver is used. The elec­

trodes to be chlorinated are likewise made of silver. A difference in po-

25 tential of about 1 V between reference electrode and electrodes to be 

chlorinated is used, and the electrodes to be chlorinated are subjected to 

a constant current of 5 to 6 mA/cm2 for a duration of between 60 and 
100 seconds at a temperature of 20 °C. The magnitude of the current 

depends on the size of the eiectrodes to be chlorinated - the smaller the 

30 electrode the smaller the current needed. Preferably the electrodes to be 

chlorinated are degreased and rinsed off prior to chiorination. 

On one hand, in order to provide signals of sufficient quality and 

strength the eiectrodes 201 - 205 should each be provided with a suita­

bly large surface area. On the other hand, the electrodes 201 - 205 
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should not be larger than strictly necessary to have as big a distance be­

tween the eiectrodes as possible in order to measure the potential differ­

ence between the electrodes. A suitable electrode size or electrode sur­

face area has, for polarizabie electrodes, been shown to be at least 10 

5 mm2, with a preferred size interval being 10 to 30 mm2, while non-

polarizable electrodes may be made much smaller, e.g. as small as 1 

mm2. 
As another alternative the ear piug 200 may aiso be provided 

with sensors of another type than electrodes 201 - 205 adapted for de-

10 tecting brain waves, thereby e.g. providing for the possibility of so-called 

sensor fusion as mentioned above. 

In order to further improve the quality of the signals detected 

by means of the electrodes 201 - 205, the ear plug 200 may comprise a 

conductive gel (not shown) in connection with the eiectrodes 201 - 205, 

15 or a conductive gel may be applied to the ear plug 200 in connection 

with the electrodes 201 - 205. 

Fig. 3 shows a cross sectional view of the outer ear. Generally a 

human ear comprises an eardrum or tympanic membrane 301, an ear 

canai or auditory canai 302, a helix 303, an concha 304 and an earlobe 

20 305. 

As mentioned the surface of the shell 206 of the ear plug 200 is 

provided with contours being individually matched to the contours of the 

ear canai of a user. Particularly the contours of the shell 206 of the ear 

plug 200 are individually matched to the external part 302 of the ear ca-

25 nal and to the concha 304, such that when a user inserts his or her ear 

plug 200 into the external part 302 of the ear canal, the electrodes 201 

- 205 He in physical contact with the skin of the external part 302 of the 

ear canal and/or the concha 304 and following the contours of the exter­

nal part 302 of the ear canal and/or the concha 304, through which 

30 brain waves may then be measured. 

With reference to figures 4A and 4B, showing different embodi­

ments of an electrode and connecting means of an ear plug according to 

the invention, suitable methods for integrating electrodes in an ear plug 

according to the invention shall be described in the following. 
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Fig. 4A shows a cross sectional view of a shell 401 of an ear 

plug through which a rivet 402 has been inserted such that the head 

402a of the rivet 402 is placed in a corresponding recess in the shell 401 

with a surface protruding slightly from the outer surface 401a of the 

5 shell 401. In this case the head 402a of the rivet 402 is adapted such as 

to form the electrode adapted for measuring brain waves. Alternatively a 

separate electrode may be produced on or in, e.g. in a recess in, the 

head 402a of the rivet 402. In principle any type of suitable conductive 

element, such as e.g. a pin, may be used in place of the rivet 402. 

10 At an end of the rivet 402 protruding through - or, if the rivet 

402 alternatively extends only partially through the shell 401, the end of 

the rivet 402 being nearest to - the inner surface 401b of the shell 401 a 

connecting means 403 is attached. Alternatively the rivet 402 and the 

connecting means 403 may be one integral unit. 

15 The connecting means 403 is an electrical connecting means 

connecting the electrode with electronic components embedded in the 

interior of the ear plug and/or to a connecting means for connecting the 

ear plug with other external units. 

Fig. 4B shows a cross sectional view of another embodiment of 

20 a shell 404 of an ear plug through which a rivet 405 has been inserted 

such that the head 405a of the rivet 405 is placed in a corresponding 

undercut in the shell 404 with a surface, preferably and as shown a sur­

face of the head 405a, of the rivet 405 being flush with, or alternatively 

lowered slightly below, the outer surface 404a of the shell 404. An elec-

25 trode 407 is placed on the outer surface 404a of the shell 404 such that 

it follows the contour of the shell and covers the surface of the head 

405a of the rivet 405 at least partially but preferably and as shown com­

pletely. Alternatively the electrode 407 may also be placed in a undercut 

such that its outer surface is flush with, or lowered slightly below, the 

30 outer surface 404a of the shell 404, Possible methods for producing such 

an electrode include, but are not limited to, Physical Vapour Deposition 

(PVD), sputtering, a printing method such as pad-printing, and an inkjet 

technique using conductive ink. 

The rivet 405 protrudes through the thickness of the shell 404, 



WO 2011/000383 PCT/DK2010/050174 

17 

and is at its end protruding from the inner surface 404b of the shell 404 
connected to connecting means 406 serving the same purpose as the 
connecting means 403 described in connection with fig. 4A. 

Referring to fig. 5A, an alternative to using a rivet 405, is to 
5 provide the shell 502 with at least one hole, in the embodiment shown 

two holes 506a, 506b, suitable for threading a connecting means 503 
through the shell 502. In the embodiment shown the connecting means 
503 is one wire threaded through the holes 506a and 506b. The two 
ends of the wire being twisted and shielded by 505, each end of the wire 

10 are connected to the analog front end. This analog front-end is a proces­
sor for processing or transmitting the signal. However another number 
of conducting wires, e.g. two, three or four is likewise possible. In the 
embodiment shown the part of the wire 503 situated on the outer sur­
face 501 of the sheii 502 is adapted to form the electrode. In this con-

15 nection the use of a wire as shown in fig. 5A has been shown to create a 
sufficient amount of contact to form an electrode. Also, different types, 
e.g. having different cross sectional configurations, of wire may be used. 
For instance, in case of a part of the wires forming an electrode, the use 
of a wire having a flat cross section may improve the amount of contact. 

20 The wire 503 may also act as a base for attaching an electrode to the ear 
plug. The twisted pair of wires 504 going to and from 503 is for protec­
tion enclosed in an isolating material 505. Irrespective of the method 
used each electrode provided on the shell of the ear plug should be con­
nected to a connecting means for transferring the measured signals for 

25 further processing. 
Fig. 5B shows another alternative embodiment of an electrode 

522 provided in the shell 521 of an individually matched ear plug 520 
according to the invention. The shell 521 of the ear plug 520 is provided 
with a recess 524 having a bottom surface 526 with a contour following 

30 the double curvature of the ear plug 520. The circumference of the re­
cess 524 may have any suitable shape such as e.g. circular or rectangu­
lar. An electrode 522 made of an electrically conductive flexible material 
is mounted in the recess 524. The electrically conductive flexible mate­
rial may e.g. be an electrically conductive silicone. The thickness of the 
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electrode 522 is preferably equal to or slightly larger than the depth of 
the recess 524. Thereby, and due to the surface contour of the bottom 
surface 526 of the recess 524, the electrode 522 is caused to follow the 
same double curvature as the individually matched ear plug 520, and 

5 thus the surface of the ear canai of the user. 
The electrode 522 is held firmly in place in the recess 524 by 

friction by being provided with a close fit to the recess 524. Alternatively 
or in addition, the electrode 522 is held firmly in place in the recess 524 
by being provided with an adhesive or by that the recess 524, preferably 

10 one of the side surfaces 527, 528 of the recess 524, is provided with a 
suitable concave shape (not shown) into which the flexible material of 
the electrode 522 and/or or corresponding convexities (not shown) pro­
vided on the electrode 522 is forced when inserted into the recess 524., 
The electrode 522 may be an exchangeable part. For purposes of electri-

15 cal connection of the electrode 522, the recess 524 is provided with a 
hole 523 extending towards the inside of the ear plug 520, through 
which hole 523 an electrical conductor 525 is passed and connected to 
the electrode 522. 

The electronic components embedded in the interior of the ear 
20 plug may comprise, but are not limited to, such components as meas­

urement electronics, analog digital converters, means for taking an ac­
tion in response to an output of another electronic component, batteries, 
microphones and threaded or wireless connecting means for connecting 
the ear plug to external units and other signal processing means. Such 

25 an external unit may by way of example be a preferably portable, sur­
veillance unit for monitoring a medical condition of the user. The exter­
nal unit may, in embodiments in which at least some of the electronic 
components are not embedded in the ear plug, comprise one or more, 
and in a preferred embodiment all, of the electronic components other-

30 wise located within the ear plug. The phrase "means for processing the 
measured signals" is where used intended to be a general term encom­
passing ail of the electronic components that are either embedded in the 
ear plug or located in an external unit. 

Fig. 6 shows an example of an ear piug in a monitoring device 
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Illustrating a preferred example of electronic components for processing 
the measured data accommodated in the interior of an ear plug. The 
electrodes 601, 603 and the reference electrode 605 are by means of re­
spective connection means 602, 604, 606 connected to an analog front-

5 end 607, which preferably comprises an amplifier and an analog-digital 
converter. The output 608 of the analog front-end 607 is transmitted to 
the feature extraction unit 609. The feature extraction unit 609 may be 
regarded as a dimension reduction unit as it reduces the number of di­
mensions of a vector from a higher number to a lower number of dimen-

10 sions by analysing which vectors in the signal can represent the overall 
signal, while maintaining the relevant information carried by the signal. 
In other words the feature extraction unit could broadly be understood 
as a data filter. 

Data from the feature extraction unit 609 are transmitted via 
15 610 to the classifier 611. The classifier 611 should be understood as the 

unit that determines what information can be extracted from the meas­
ured brain wave signal. The classifier 611 is a trained unit. The classifier 
611 is trained to interpret how the individual responds to each situation 
or medical condition. For instance signals at 7, 8 and 9 Hz may be 

20 grouped together whereas a signal at 11Hz will be grouped with a group 
of higher frequency signals. 

The action unit 613, receiving an output of the classifier 611 via 
612, can by way of a non-limiting example be described as a statistic fil­
ter, which has a threshold limit of when to take an action according to 

25 the measured brain wave signal. The action unit 613 integrates the 
measured number of signals outputted by the classifier 611 to ensure 
that an action will not be taken to inform the user of a medical condition 
in case of just one sample of signals indicating so. If the classifier 611 is 
a so-called hard classifier the signals outputted via 612 are binary and 

30 reveal whether the signals belong to a given class. If the classifier 611 is 
a so-called soft classifier the signals outputted via 612 are continuous 
describing the probability that the signals belong to a given class. It has 
to be a number of samples indicated the situation within a set timeframe 
before the action unit will send out a warning. In figure 6 this warning 
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will be an audio signal transmitted via 614 and the receiver 615, but the 

warning signal may also be a visual or tactile message, or it may be a 

data transmission to an externa! unit. 
fig. 7 shows the electronic components of figure 6 in an em-

5 bodiment with a hearing aid. Here the action unit 713 will send a signal 

to the hearing aid processor 719 which will then take an appropriate ac­

tion based on the measured brain wave signal. The hearing aid processor 

719 may signal the user in order to warn the user of a medicai event. 

This signal would most likely be an audio signal but could also be visual 

10 or a data transmission to an external device. Or the hearing aid proces­

sor 719 may adjust the parameters of the hearing aid or switch to an­

other program in the hearing aid, in order to ensure the most suitable 

adjustment of the hearing aid to the specific situation. 

Finally, it should be noted that the above description of pre-

15 ferred embodiments is merely an example, and that the skilled person 

would know that numerous variations are possible without departing 

from the scope of the claims. 
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PATENT CLAIMS 

1. An ear plug comprising a shell with at least two electrodes adapted for 
measuring brain wave signals, said eiectrodes being connected with means for processing 
the measured signals, wherein the contours of the outer surface of the ear piug are 
individually matched to at least part of the ear canal and the concha of the user, and 
wherein the ear plug is made of a dimensionaily stable material for identical positioning in 
the ear canal each time it is inserted. 

2. The ear plug according to claim 1, wherein the means for processing said 
measured signals is adapted for delivering a signal to the user. 

3. The ear plug according to claim 1 or claim 2, wherein the means for processing 
is located external to the ear plug. 

4. The ear piug according to any one of claims 1 to 3, wherein the means for 
processing is located inside the ear piug. 

5. An ear plug according to any one of claims 1 to 4, wherein the connecting 
means comprises a wiring drawn in or through said shell of the ear plug. 

6. The ear piug according to claim 5, wherein the wiring is arranged to form at 
least part of one of the eiectrodes. 

7. The ear plug according to any one of claims 1 to 6, comprising a rivet 
extending between said electrode and said connecting means through at least a part of 
said shell of said ear plug in such a way that a part, such as a head, of said pin or rivet Is 
arranged flush with or on said surface of said shell. 

8. The ear plug according to claim 7, wherein said part of said pin or rivet is 
adapted to form or accommodate said at least one electrode. 

9. The ear plug according to any one of claims 1 to 6, comprising at least one 
recess in which the at least one electrode is mounted, the bottom surface of the recess 
following the contours of the outer surface of the ear plug. 

10. The ear piug according to claim 9, wherein the electrode is held in the recess 
by the electrode comprising at least one of a close fit to the recess, at least one convexity 
corresponding to st ieast one concavity provided in the recess, and an adhesive. 

11. The ear plug according to claim 9 or 10, wherein the electrode is made of an 
electrically conductive flexible material, preferably an electrically conductive silicone. 

12. The ear plug according to any one of claims 1 to 11, wherein the electrodes 
are polarizabie electrodes made of a material comprising at ieast one of stainless steel, 
piatinum-iridium, silver, titanium, platinum and tungsten. 

13. The ear piug according to any one of claims 1 to 12, wherein the electrodes 
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are non-polarizable electrodes, preferably Ag/AgCI electrodes, 

14. The ear plug according to any one of claims 1 to 13, wherein each of the 

electrodes covers an area of at least 1 mm2, and no more than 30 mm2. 

15. The ear plug according to any one of claims 1 to 14, wherein said ear plug is 

a part of a hearing aid. 

16. The ear plug according to any one of claims 1 to 15, wherein the processing 

of said brain wave signals provides information for detecting a medical condition of the 

user. 

17. A system comprising an ear piug and at least one electrode , the ear plug and 

the electrode being individually matched to at least part of the ear canal and the concha of 

the user and made of a dimensionaily stable material, and a behind-the-ear (BTE) 

component, where the BTE component accommodating means for processing brain wave 
signals. 

18. The system according to claim 17, wherein the BTE component comprises at 
least one electrode for measuring brain wave signals. 

19. A method of producing an ear plug with surface electrodes for measuring 

brain wave signals comprising the steps of, tracing the shape of a part of the user's ear 

canal and concha, converting the traced shape into a digital form such as a three 

dimensional computer model, and building the ear piug based on the computer model by 

means of a computer controlled production process, wherein at least one electrode is 

placed individually according to the shape of the user's outer ear. 


