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Title: A hearing device with capacitive sensor for on-head detection

Technical Field
The invention relates to on-head detection of hearing devices, such as headsets or

headphones.

Background Art

There exist many solutions toady controlling headset functions based on detecting if the
headset is worn on a user’s head or not. The headset may be adapted to enter sleep mode
or power off f. ex. 20 minutes after off-head state is detected in order to save battery power
for a wireless headset. Another function can be to answer an incoming phone call as a result
of going from off-head detection to on-head detection. On-head detection can be based on
the use of one or more capacitive proximity sensors. A proximity sensor is a sensor able to
detect the presence of nearby objects without any physical contact. A capacitive proximity
sensor changes capacitance if a target, in this case the head or ear of a user, comes into
proximity of the sensor. US 6,532,447 B1 discloses a headset with a capacitive proximity
sensor used for on-head detection. A problem with capacitive proximity sensors is that the
sensed signal can drift over time due to different factors such as changes in temperature and
humidity. When a capacitive proximity sensor is used for a touch button on a device, the
circuit should normally just detect a short-termed change in capacitance, which occurs when
a user’s finger touches the surface of the touch button. A change of sensor signal strength
over time does not give any problems as it is the momentary change, that is detected.
However, if such a sensor is used for sensing the proximity of the head or ear of a user, this
capacity change is over a longer time, maybe several hours. And then it can be problematic

to detect off-head state again.

A touch sensor device can incorporate a capacitive proximity sensor to detect a person
touching a surface. The electrical circuit, choice of material and dimensions can be selected,
such that the touch of a user’s finger triggers an off/on function. A proximity sensor device

detects proximity alone and does not need touch. It can be designed such, that as soon the
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part of a person comes into a certain vicinity, the capacitance signal increases enough to
trigger an on/off function. This invention relates to a hearing device incorporating such a

capacitive proximity sensor device.

There are chipsets on the market adapted to control capacitive touch or proximity sensors,
that works well for relatively short touches/proximity detections, where the measured
capacitive load is higher for only a short time. However, when the system is used for on-
head detection, where the on-head state can be maintained for hours, it may be

problematic, due to drift.

Disclosure of Invention

A method of determining whether a hearing device, such as a headset or headphone, is on-
head or off-head, wherein the hearing device comprises at least a first capacitive proximity
sensor, which sensor is adapted to detect a first capacitive load C, that varies in dependence
of the proximity of the head or ear of a user, wherein the following steps are taken to
determine on-head state:
1) the first capacitive load C and a variance V¢ of the first capacitive load C is
currently monitored,
2) when the variance V¢ is below a variance threshold Ty, the capacitive load C is
stable, and a floor level F of the capacitive load C is determined corresponding to
the capacitive load C,
3) when the variance V¢ is above the variance threshold Ty, e.g. due to handling of
the hearing device (1), the first floor level F1 is frozen at the last stable value of
capacitive load C,
4) when the variance V¢ is below threshold Ty again, a new floor level F is
determined,
5) If the new floor level F is much greater than the first floor level F1, a first floor
level jump D1 is defined as F-F1,
6) a first threshold Tc =h * D1, where h is between 0.1 and 0.9, is set and the “on-

head” state is assumed,
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7) otherwise, step 1 is resumed,
and wherein the following steps are taken to determine off-head state:

a) the first capacitive load C is monitored and a floor level F, corresponding to the
latest stable value of the first capacitive load C, is determined,

b) when the first capacitive load variance V. is above the variance threshold Ty, e.g.
due to handling of the headset, then the floor level Fn is frozen,

c¢) when the first capacitive load variance V. is below the variance threshold Ty
again, a new floor level F is set and the floor level jump D, = F — Fq is determined.

d) when the sum of floor level jumps is below the first threshold Tc, then the “off-
head” state is assumed.

e) otherwise, step a) is resumed.

According to an embodiment, the “off-head” state is assumed only when the sum of level

jumps is below a second threshold Tcz, which is slightly below the first threshold Te.

According to an embodiment, the hearing device comprises a second capacitive proximity
sensor, which detects a second capacitive load, which second capacitive proximity sensor is
arranged in the headset such that a second the second capacitive load does not change as a
result of the user is wearing or handling the hearing device or not, and wherein on-head
detection is based on a comparison between measured first capacitive load and measured

second capacitive load immediately after switching on the headset.

According to an embodiment, a median filter is used for the measured first capacitive load

and/or measured second capacitive load to remove noise spikes.

The invention also relates to a hearing device, such as a headset or headphone, comprising a
first capacitive proximity sensor and a circuitry adapted to perform the method described

above.

According to an embodiment, the hearing device comprises a headband or neckband and at

least a first earphone with a compressible earpad, which headband or neckband presses the
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first earphone against the head of a user, when the hearing device is worn, and wherein the
capacitive proximity sensor is arranged in the first earphone, and wherein the distance
between the first capacitive proximity sensor and the user’s head varies with the

compression of the earpad.

According to an embodiment, the hearing device comprises a second earphone with a
compressible earpad, wherein the headband or neckband presses the second earphone
against the head of a user, when the headset is worn, and wherein a further first capacitive
proximity sensor is arranged in the second earphone, and wherein the distance between the
further first capacitive proximity sensor of the second earphone and the user’s head varies

with the compression of the earpad.

According to an embodiment, the compressibility of the earpad is temperature dependent.

Brief Description of the Drawings

The invention is explained in detail below with reference to the drawing illustrating a
preferred embodiment of the invention and in which

Fig. 1 is a perspective view of a headset employing the invention,

Fig. 2 is a schematic cross-sectional view through an earphone of the headset when worn,
Fig. 3 is a schematic front view of a capacitive proximity sensor,

Fig. 4 is an exploded view of the earphone, and

Fig. 5 is a diagram explaining measured sensor data,

Fig. 6 is a diagram explaining measured sensor data in a simplified form, and

Fig. 7 is a curve showing measured sensor data, which includes spikes due to high frequency

noise.

Modes for Carrying out the Invention

Fig. 1is a perspective view of a headset 1 employing the invention. The headset 1 comprises
a first earphone 2, a second earphone 3 and a headband 4 connecting the first and second
earphones. The headset 1 is circumaural headset, where each ear is completely enclosed by

an earphone. Each earphone 2,3 comprises an earpad 10. The headset 1 is a wireless
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headset comprising a Bluetooth transceiver, microphones arranged in the earphone

housings and a rechargeable battery.

Fig. 2 is a cross-sectional view through an earphone 2 of the headset 1 when worn on a
user’s head. Only essential parts to explain the invention are included in this figure. The
earphone 2 comprises an earphone housing 12, a speaker unit 9, an earpad 10, a capacitive
proximity sensor 15, a first foam part 7 and a second foam part 8. The earpad 10 encloses an
ear 11 of a user wearing the headset 1. The capacitive proximity sensor 15 comprises a pcb

(printed circuit board) 5 and a copper layer 6.

Fig. 3 is a schematic front view of the capacitive proximity sensor 15. The pcb 5 comprises an
essentially circular opening 19 corresponding to the circumference of the speaker unit 9. On
one side of the of the pcb 5 there is a ring-shaped copper electrode 6 making up the
electrode of the capacitive proximity sensor 15. When the headset is switched on, a voltage
is applied to the electrode 6, and when a user is taking the headset on the head, the ear
approaches the electrode 6, whereby a capacitor is dynamically formed between the
electrode 6 and the human body. The capacitive load of this can be measured and used to

detect whether the headset is worn (On-head) or not (Off-head).

Fig. 4 is an exploded view of the earphone 2. In addition to the above-mentioned parts, the
earphone 2 also comprises a protection device 14, which is arranged in front of the speaker,
and an ANC (active noise cancelling) feedback microphone 16, which is attached to the
protection device 14 in assembled state. An adhesive part 13 adheres the capacitive
proximity sensor 15 to the protection device 14 in assembled state. The first foam part 7 is
asymmetric, lies around the speaker opening and is somewhat wedge-shaped in order to
adapt the enclosure to the ear. The second foam part 8 hides the protection device 14,
speaker 9, ANC feedback microphone 16 etc. The proximity sensor 15, comprising the pcb 5
with the copper layer 6 on the backside, is arranged on top of the protection device 14,

around audio openings in the protection device 14.
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Fig. 5 is a diagram showing the capacitive load measured under different circumstances. The
line indicated with C is the measured capacitive load. The line below indicated with V¢ shows
the variance V¢ of the measured capacitive load. This is relatively flat as long as there is no
abrupt changes of capacitive load. The initial condition is, that the headset 1 is off-head. At
this condition, the capacitive load C is 7. The numbers used here are only fictive and used to
explain the principle of the invention. The real values depend on the circuit design, the
dimensions of the electrode 6 etc. The measured capacitive load C is currently updated as a
“floor level” F as long as the variance V¢ is low and below a certain variance threshold T,. At
time A, the user puts on the headset 1, whereby the users ear comes into proximity of the
electrode 6. The capacitive load C rises to 12. The list below shows measured values in

connection with events:

0 Headset is switched on an is off-head.

0-A Headset is off-head. The measured capacitive load C is approximately 7. As long
as the variance V¢ is below Ty, the floor level F follows the measured value of
the capacitive load C. At this stage the floor level is designated F1.

A-B The user puts on the headset. V¢ increases above Ty while the user handles the
headset and arranges it on the head. The capacitive load C rises to
approximately 12. The Floor level F1 is frozen at the value 7 as long as V¢ > Ty.
At B the competitive load C stabilizes at a floor level F around 12, where the
system assumes the headset is “on-head”. The system sets a first floor level
jump D1 =F-F1=12-7 =5. The systems sets a threshold Tc to be 40% of this,
which is 2. With other words, the second floor level F2 is 3 units above the
threshold T.. In order to assume the headset to be off-head again, the floor
level must jump 3 units. If D1 + D2 + ... + DN > T¢, the state is assumed to be on-
head. If D1 + D2 + ... + DN < T¢, then off-head sate is assumed.

B-C Headset is on-head. V¢ < Tv. C is stabilized at the value 12. The floor level F
follows the capacitive load C again.

C-D The user re-arranges the headset on the head because he find it does not sit

perfect. Vc > Ty and the floor level F2 is maintained at 12, until V¢ < Ty again.
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D-E

E-F

F-G

G-H

The headset is rearranged, and in this position the capacitive load C is stabilized
a little different at a new floor level F with the value 11. This can be because
the ear is now positioned slightly different in relation to the electrode 6. Thus,
there is a floor level jump D2 =F-F2 = 11-12 = -1. As the drop is only 1, the
headset is still on-head. D1 + D2 =5 -1 = 4. This is greater than Tc, whereby
the headset is still on-head.

The user walks around with the headset on, whereby the temperature of the
earpads increases. This brings the capacitive sensor closer to the ear, whereby
the measured capacitive load rises slowly from 11 to a third floor level F3
around 14. As the variance V¢ < Ty during this period, the floor level F follows
the value of the measured capacitive load C. There is no floor level jumps here.
The user re-arranges the headset again, whereby the measured capacitive load
rises to a new floor level of the value 15.5. A third floor level jump D3 = F-F3 =
155-14=15.Intotal: D1+ D2 +D3=5-1+1.5=5.5. This is above Tc and
the headset is still on-head.

During this period, the sensor drifts further. The variance V¢ is below Ty and
there are no floor level jumps.

The user takes off the headset. Vc > Tv. A sixth floor level F6 is frozen at about
11.5.

The user has placed the headset on a table. Vc < Tyv. A new floor level F is set at
about 7.5. A fourth floor level jump D4 is hereby F-F4 =11.5-7.5=4. D1 + D2 +
D3+D4=5-1+1.5-4=1.5<Tg, thus the state is off-head.

As indicated above, the headset efficiently detects, if the headset is on-head or off-head

even if the sensor drifts, f. ex. Due to temperature change. Only jumps in measured

capacitive load values are used to determine the on-head state. Even if the user rearranges

the headset several times, a relatively precise on-head detection is obtained. It should be

noted, that it is not only the sensor itself, that causes drift. Drift is defined as change of a

measured signal, although the real value of the measured target has not changed. The

device, in which the sensor is installed can cause drift. In this case, it has shown, that if the
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headset shown in Figures 1-4 is kept at a low temperature, f. ex. in a car during winter and
then put on-head, the temperature change causes a change of the earpad’s elasticity. Thus,
the capacity sensor 15 moves slowly closer to the ear of the user, as the earpad becomes
softer due to the increased temperature. If the system did not compensate for drift as
explained above, it might not detect off-head, when the headset is taken of again, as the

measured capacitive load may have increased slowly due to the temperature rise.

Fig. 6 is a somewhat simplified version of Fig. 5. Only the floor level jumps are shown, not
the slow changes taking place when the variance V¢ is below the variance threshold Ty. This
figure also shows, that there is a hysteresis function in the system. Slightly below the
threshold T¢, there is a second threshold Tc2. In order to switch from on-head to off-head,
the sum of floor level drops must com below Tc; and above T¢ to switch from off-head to on-

head again.

Fig. 7 is a curve showing measured sensor data, which includes spikes due to high frequency
noise. High frequency noise, causes spikes Sc, which may produce increased variance levels
and disturb the on-head detection if they are not filtered out. The headset circuitry
comprises a median filter, which picks the median value from a number of sampled values,
whereby the relatively few measured samples with high values is filtered out, such that they

do not destroy the on-head calculations.

Both the first earphone 2 and the second earphone 3 of the headset 1 has a proximity sensor
as described above. Also, the first earphone 2 and the second earphone 3 has a second
capacitive proximity sensor, which is arranged in the housing and dimensioned, such that the
proximity of a user does not change the sensor signal. This second sensor is used as a
reference sensor to assume on-head or off-head in situations where, the user puts on the
headset, before switching power on, or puts the headset on very fast after powering on, so

the circuitry is not ready to detect change from off-head to on-head.

The system measures the capacitive load for approximately every 20 milliseconds.
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Claims
1. A method of determining whether a hearing device (1) is on-head or off-head,

wherein the hearing device (1) comprises at least a first capacitive proximity sensor

(15), which sensor (15) is adapted to detect a first capacitive load C, that varies in

dependence of the proximity of the head or ear of a user, wherein the following

steps are taken to determine on-head state:

1) the first capacitive load C and a variance V¢ of the first capacitive load C is
currently monitored,

2) when the variance V¢ is below a variance threshold Ty, the capacitive load C is
stable, and a floor level F of the capacitive load C is determined corresponding to
the capacitive load C,

3) when the variance V¢ is above the variance threshold Ty, e.g. due to handling of
the headset (1), a first floor level F1 is frozen at the last stable value of capacitive
load C,

4) when the variance V¢ is below threshold Ty again, a new floor level F is
determined,

5) If the new floor level F is much greater than the first floor level F1, a first floor
level jump D1 is defined as F-F1,

8) afirst threshold Tc = h * D1, where h is between 0.1 and 0.9, is set and the “on-
head” state is assumed,

9) otherwise, step 1 is resumed,

and wherein the following steps are taken to determine off-head state:

a) the first capacitive load C is monitored and a floor level F, corresponding to the
latest stable value of the first capacitive load C, is determined,

b) when the first capacitive load variance V. is above the variance threshold Ty, e.g.
due to handling of the headset, then the floor level Fn is frozen,

¢) when the first capacitive load variance V. is low again, a new floor level F is set
and the floor level jump D, = F - F, is determined.

d) when the sum of flor level jumps is below the first threshold Tc, then the “off-

head” state is assumed.
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e) otherwise, step a) is resumed.

A method according to claim 1, wherein the “off-head” state is assumed only when
the sum of level jumps is below a second threshold Tcy, which is slightly below the

first threshold Tc.

A method according to claim 1 or 2, wherein the hearing device (1) comprises a
second capacitive proximity sensor (3), which detects a second capacitive load, which
second capacitive proximity sensor (3) is arranged in the headset (1) such that the
second capacitive load does not change as a result of the user is wearing the headset
(1) or not, and wherein on-head detection is based on a comparison between
measured first capacitive load and second capacitive load immediately after

switching on the headset (1).

A method according to any of the preceding claims, wherein a median filter is used
for the measured first capacitive load and/or measured second capacitive load to

remove noise spikes (Sc).

A hearing device (1) comprising a first capacitive proximity sensor (15) and a circuitry

adapted to perform the method according to any of the claims 1-4.

A hearing device (1) according to claim 5, comprising a headband (4) or neckband and
at least a first earphone (2) with a compressible earpad (10), which headband (4) or
neckband presses the first earphone (2) against the head of a user, when the headset
(1) is worn, and wherein the capacitive proximity sensor (15) is arranged in the first
earphone (2), and wherein the distance between the first capacitive proximity sensor

(15) and the user’s head varies with the compression of the earpad (10).

A hearing device (1) according to claim 6, comprising a second earphone (3)
comprising a second earphone (3) with a compressible earpad (10), wherein the

headband (4) or neckband presses the second earphone (3) against the head of a
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user, when the headset (1) is worn, and wherein a further first capacitive proximity
sensor (15) is arranged in the second earphone (3), and wherein the distance
between the further first capacitive proximity sensor (15) of the second earphone (3)

and the user’s head varies with the compression of the earpad (10).

8. A hearing device (1) according to claim 6 or 7, wherein the compressibility of the

earpad (10) is temperature dependent.
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