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(54) SYSTEM FOR HAND GESTURE DETECTION

(57) According to an aspect of the present inventive
concept there is provided a system for hand gesture de-
tection, comprising:
a wrist wear adapted to be worn about a wrist of a user
of the system and including a set of skin electrodes adapt-
ed to face the wrist;
an impedance measurement circuit adapted to measure
at least a first impedance in a first portion of the wrist and
a second impedance in a second portion of the wrist
which second portion is circumferentially displaced in re-

lation to said first portion, wherein the first impedance is
measured via a first electrode group including four skin
electrodes of said set of skin electrodes and the second
impedance is measured via a second electrode group
including four skin electrodes of said set of skin elec-
trodes, and
a processing circuit adapted to detect a hand gesture of
the user based on the first and the second impedance
measured by the impedance measurement circuit.
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Description

Technical field

[0001] The present inventive concept relates to a sys-
tem for hand gesture detection.

Background

[0002] Owing to the rapid technological development
of the semiconductor and software industry, computing
devices are now ubiquitous and come in various form
factors. Whereas early computers generally were sta-
tionary devices which allowed a user to interact with a
text-based or graphical user interface mainly via a point-
ing device, such as a computer mouse, and/or a compu-
ter keyboard, modern computing devices are frequently
portable devices such as smart phones, tablet comput-
ers, hybrids of laptops and tablet computers etc, and al-
low user input via a touchscreen. Other modern types of
computing devices include TV:s with internet access, dig-
ital content streaming devices, gaming consoles etc.
[0003] A common denominator of the aforementioned
user input interfaces is that they generally require the
user to make physical contact with the input device using
the hand or fingers (e.g. buttons of a keyboard, moving
a computer mouse, the surface of a touchscreen, buttons
of a remote control or a game controller). As an alterna-
tive, input devices allowing a user to control an input op-
eration by making a gesture with the hand have been
proposed in the prior art. For such input devices to be-
come usable and popular they would however need to
be reliable in terms of detection and comfortable to wear.
A relatively inconspicuous appearance would also be an
advantage. US 2004/0243342 discloses a user input ap-
paratus in the shape of a wrist watch or bracelet and
suggests that gestures may be detected by electrically
sensing a change of the shape of the wrist.

Summary of the inventive concept

[0004] The inventors have realized that there however
is room for improvement over the prior art of hand gesture
detection. An objective of the present inventive concept
is therefore to provide a system for hand gesture detec-
tion which enables hand gesture detection with an im-
proved sensitivity and/or reliability. Further objects and
advantages may be understood from the following.
[0005] According to an aspect of the present inventive
concept there is provided a system for hand gesture de-
tection, comprising:

a wrist wear adapted to be worn about a wrist of a
user of the system and including a set of skin elec-
trodes;
an impedance measurement circuit adapted to
measure at least a first impedance in a first portion
of the wrist and a second impedance in a second

portion of the wrist which second portion is circum-
ferentially displaced in relation to said first portion,
wherein the first impedance is measured via a first
electrode group including four skin electrodes of said
set of skin electrodes and the second impedance is
measured via a second electrode group including
four skin electrodes of said set of skin electrodes, and
a processing circuit adapted to detect a hand gesture
of the user based on the first and the second imped-
ance measured by the impedance measurement cir-
cuit.

[0006] The inventive system implements, what may be
referred to as, a tetra-polar impedance measurement
wherein each impedance measurement is performed via
four electrodes. The impedance measurements may
therefore accurately reflect the body impedance in the
first and the second portion of the wrist, respectively,
while being relatively insensitive to the influence of con-
tact impedance at the skin electrode-interface which oth-
erwise would tend to overwhelm the contribution from a
body impedance inside the wrist.
[0007] The gesture of the human hand is controlled
inter alia via a plurality of tendons extending through the
wrist. As a tendon is stretched or contracted the imped-
ance in a wrist portion including or adjacent to the tendon
will change. The high sensitivity of the impedance meas-
urement circuit enables the impedance change due to
stretching/contraction of a tendon to be detected. The
impedance change will be greater in a wrist portion which
is closest to the stretching/contracting tendon. Measuring
the impedance in two circumferentially displaced por-
tions thus enables detection of different hand gestures
(e.g. did a finger controlled by a tendon which is closest
to the first portion or the second portion stretch/contract).
In particular, the system enables detection of hand ges-
tures involving movement of one or more fingers of the
hand and discrimination between movement of different
fingers.
[0008] Circumferentially displaced may in this context
refer to a circumferential direction of the wrist wear or a
circumferential direction of the wrist of the user, i.e. when
the wrist wear is worn about the wrist of the user.
[0009] The system enables detection of hand gestures
of various forms and complexity. As a basic example,
detection of a hand gesture may involve detecting move-
ment of one or more fingers of the hand. The movement
may include bending or straightening one or more fin-
gers. As a more elaborate example, detection of a hand
gesture may involve detecting a particular movement of
particular ones of the fingers, the detection hence being
able to discriminate between different degrees of move-
ment of the fingers and between movements of different
fingers or different combinations of fingers.
[0010] According to one embodiment the first electrode
group and the second electrode group have at least one
electrode in common. This makes it possible to reuse
electrodes in different impedance measurements and

1 2 



EP 3 182 251 A1

3

5

10

15

20

25

30

35

40

45

50

55

hence improve the spatial resolution of the impedance
measurements, or conversely reduce the total required
number of electrode pairs while maintaining the number
of portions to be measured. According to an alternative
embodiment each one of the four electrodes of the first
electrode group may be different from each one of the
four electrodes of the second electrode group. This may
provide an increased freedom in terms of the relative
positioning of the electrode groups.
[0011] According to one embodiment a first and a sec-
ond electrode of the first electrode group are arranged
on opposite sides of a geometrical line extending be-
tween a third and a fourth electrode of the first electrode
group. Additionally, a first and a second electrode of the
second electrode group are arranged on opposite sides
of a geometrical line extending between a third and a
fourth electrode of the second electrode group. This pat-
tern formed by the four electrodes of each electrode
group enables a voltage sensing path (e.g. between the
third and the fourth electrodes) to be formed across a
current transmission path (e.g. between the first and the
second electrodes) during an impedance measurement.
A representative body impedance measurement may
thereby be obtained for the first and the second portion
of the wrist.
[0012] According to one embodiment the first electrode
group and the second electrode group have at least one
electrode in common and wherein said at least one com-
mon electrode is arranged between the other electrodes
of the first electrode group and the other electrodes of
the second electrode group, as viewed along a circum-
ferential direction of the wrist wear. This arrangement
enables electrode reuse between the electrode groups.
In particular, the reuse is enabled in combination with the
above-discussed crossing of the voltage sensing and
current transmission path.
[0013] According to one embodiment the second elec-
trode of the first electrode group forms the fourth elec-
trode of the second electrode group and the third elec-
trode of the first electrode group forms the first electrode
of the second electrode group, wherein the second and
the third electrode of the first electrode group are ar-
ranged between the first and the fourth electrode of the
first electrode group and the third and the second elec-
trode of the second electrode group, as viewed along a
circumferential direction of the wrist wear. This arrange-
ment enables two electrodes to be shared between the
electrode groups. In particular, the reuse is enabled in
combination with the above-discussed crossing of the
voltage sensing and current transmission path.
[0014] According to one embodiment the first and the
third electrode of the first electrode group and the second
electrode group are arranged along a first common ge-
ometrical line and wherein the fourth and the second elec-
trode of the first electrode group and the second electrode
group are arranged along a second common geometrical
line. This may improve the uniformity between the elec-
trode groups and enable a rational manufacture of the

wrist wear and the set of electrodes. The first common
geometrical line may be parallel to the second common
geometrical line. Thereby a same inter-electrode dis-
tance may be obtained for the electrode groups. The first
and the second common geometrical line may be parallel
to a circumferential direction of the wrist wear. The first
and the second electrode groups may thereby be ar-
ranged at corresponding longitudinal positions along a
(same or respective) tendon (i.e. at a substantially same
distance from a base of the hand).
[0015] According to one embodiment the fourth elec-
trode of the first electrode group forms the third electrode
of the second electrode group, the fourth electrode of the
first electrode group being arranged between the first,
second and third electrodes of the first electrode group
and the first, second and fourth electrodes of the second
electrode group, as viewed along a circumferential direc-
tion of the wrist wear. This arrangement enables one
electrode to be shared between the electrode groups. In
particular, the reuse is enabled in combination with the
above-discussed crossing of the voltage sensing and
current transmission path.
[0016] According to one embodiment the first and the
second electrode group are circumferentially displaced
in relation to each other and wherein, for each one of the
first and the second electrode group, a first, a second, a
third and a fourth electrode of said electrode group are
arranged along a common geometrical line, the third and
the fourth electrode being arranged between the first and
the second electrode. Each electrode group may hence
form a column of four electrodes. This pattern formed by
the four electrodes of each electrode group enables a
voltage sensing path (e.g. between the third and the
fourth electrodes) to extend along and be aligned with a
current transmission path (e.g. between the first and the
second electrodes) during an impedance measurement.
A representative body impedance measurement may
thereby be obtained for the first and the second portion
of the wrist. By controlling the angle of the common ge-
ometrical line of an electrode group with respect to a width
direction of the wrist wear at the manufacturing stage
(e.g. such that the common geometrical is parallel or
close to parallel to the width direction of the wrist wear)
the impedance measurements may be performed along
a longitudinally extended section of a tendon.
[0017] According to one embodiment a first and a sec-
ond electrode of the first electrode group forms a first
electrode pair of the first electrode group, a third and a
fourth electrode of the first electrode group forms a sec-
ond electrode pair of the first electrode group, a first and
a second electrode of the second electrode group forms
a first electrode pair of the second electrode group, a
third and a fourth electrode of the second electrode group
forms a second electrode pair of the second electrode
group, and wherein the impedance measurement circuit
is adapted to:

measure the first impedance, wherein measuring the
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first impedance includes transmitting a test current
between the first or the second electrode pair of the
first electrode group and measuring a voltage be-
tween the other one of the first or the second elec-
trode pair of the first electrode group, and
measure the second impedance, wherein measuring
the second impedance includes transmitting a test
current between the first or the second electrode pair
of the second electrode group and measuring a volt-
age between the other one of the first or the second
electrode pair of the second electrode group.

[0018] This represents a preferred manner of deter-
mining the impedance in the respective wrist portions.
[0019] According to one embodiment the first electrode
group and the second electrode group have two elec-
trodes in common, wherein the second electrode of the
first electrode group forms the fourth electrode of the sec-
ond electrode group and the third electrode of the first
electrode group forms the first electrode of the second
electrode group and wherein the measurement circuit is
adapted to transmit the first test current between the first
electrode pair of the first electrode group and measure
the first voltage between the second electrode pair of the
first electrode group, and to transmit the second test cur-
rent between the second electrode pair of the second
electrode group and measure the second voltage be-
tween the first electrode pair of the second electrode
group. This embodiment combines a preferred manner
of determining the impedance with reuse of two elec-
trodes between the first and the second electrode group.
In particular, the third electrode is used for the voltage
measurement in both the first and the second impedance
measurements. Conversely, the second electrode is
used for test current transmission in both the first and the
second impedance measurements. This may reduce the
complexity of electronics controlling which electrodes are
used in each measurement. Moreover, the electrodes
may be designed in a manner which is optimized for the
intended function, i.e. for "current transmission" or "volt-
age sensing". For instance, "current transmission" elec-
trodes may be designed to minimize contact impedance
and/or "voltage sensing electrodes" may be designed for
improved specificity (e.g. by presenting a relatively small
surface area).
[0020] According to one embodiment the set of elec-
trodes includes at least three electrode groups circum-
ferentially displaced in relation to each other and each
including four electrodes, preferably at least four elec-
trode groups circumferentially displaced in relation to
each other and each including four electrodes, or more
preferably at least five electrode groups circumferentially
displaced in relation to each other and each including
four electrodes. Generally, a greater number of electrode
groups improve the ability to differentiate between
stretching/contraction of different tendons. In particular,
five impedance measurements provide a one-to-one re-
lationship between the number of fingers and the number

of measurements.
[0021] According to one embodiment the electrodes of
said set of skin electrodes are distributed in relation to
each other along a circumferential section of the wrist
wear which is adapted to face an under side of the wrist.
The electrode groups may thereby be arranged in relative
proximity to tendons in the wrist.
[0022] According to one embodiment the system in-
cludes a switching circuit adapted to selectively connect
the measurement circuit to the first electrode group or
the second electrode group. An impedance measure-
ment may thereby be selectively performed via either the
first electrode group or the second electrode group.
[0023] According to one embodiment the switching cir-
cuit is adapted to connect the measurement circuit to the
first electrode group during a first time interval and con-
nect the measurement circuit to the second electrode
group during a second time interval, which is different
from the first time interval. Impedance measurements
may thereby be performed in a "time-division" manner.
The risk of other electrode groups affecting the results
of an impedance measurement via a selected electrode
group may thereby be reduced. Preferably, the first time
interval and the second time interval are non-overlapping
time intervals. Hence, during each impedance measure-
ment the measurement circuit may be galvanically con-
nected to only one electrode group (e.g. the first electrode
group for the first impedance measurement and the sec-
ond electrode group for the second impedance meas-
urement), as controlled by the switching circuit.
[0024] According to one embodiment the processing
circuit is adapted to detect a hand gesture by detecting
a changed impedance in the first or the second portion
of the wrist based on said first and said second imped-
ance, respectively. A hand gesture may hence be detect-
ed by the processing circuit in response to at least one
of the first and second impedance changing.
[0025] According to one embodiment the impedance
measurement circuit is adapted to measure an imped-
ance in each one of a plurality of circumferentially dis-
placed portions of the wrist via a respective electrode
group including four skin electrodes, and wherein the
processing circuit is adapted to detect and classify the
hand gesture based on the impedance measured in each
one of said plurality of circumferentially displaced por-
tions. An impedance in a plurality of different portions of
the wrist may thus be used for detecting the hand gesture.
By also classifying the hand gesture a more elaborate
hand gesture detection is provided. The above descrip-
tion and discussion of variations and related advantages
of the first and the second electrode group is applicable
to each one of said respective electrode group.

Brief description of the drawings

[0026] The above, as well as additional objects, fea-
tures and advantages of the present inventive concept,
will be better understood through the following illustrative
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and non-limiting detailed description of preferred embod-
iments of the present inventive concept, with reference
to the appended drawings. In the drawings like reference
numerals will be used for like elements unless stated
otherwise.

Fig. 1 is a schematic illustration of a system for hand
gesture detection including a side view of a wrist
wear.
Fig. 2 is a block diagram illustration of the system
for hand gesture detection.
Figs 3a and 3b illustrate an arrangement of a set of
electrodes.
Figs 4a and 4b illustrate an arrangement of a set of
electrodes.
Figs 5a and 5b illustrate an arrangement of a set of
electrodes.

Detailed description of preferred embodiments

[0027] Fig. 1 illustrates a system 100 for hand gesture
detection. The system 100 includes a wrist wear 110 in
the form of a bracelet. The wrist wear 110 is adapted to
be worn about a wrist of the user of the system 100. The
circumferential extension of the wrist wear 110 defines
a circumferential direction "C" of the wrist wear 110 (i.e.
corresponding to a direction about the wrist of the user
when worn by the user) and the width extension defines
a width direction of the wrist wear 110 (i.e. corresponding
to a direction from the wrist towards the hand of the user
when worn by the user).
[0028] The wrist wear 110 may include a strap forming
a loop adapted to be arranged about the wrist of the user.
Although the wrist wear 110 is illustrated as having a
substantially circular shape, in practice the wrist wear
110 may have a shape which corresponds more closely
with a peripheral cross-sectional shape of the wrist. Gen-
erally, the strap may be preformed to make a tight fit
about the wrist when worn. The strap may include a flex-
ible material, such as a woven material, a textile, a rubber
or silicone material. The strap may alternatively include
a (more) rigid material. The strap may for example include
leather or a plastic material. Although shown as a closed
loop, it is also possible to provide the wrist wear in the
form of an open loop with a gap formed between opposite
end portions of the strap. In this case the wrist wear 110
may preferably be formed of a more rigid material.
[0029] The wrist wear 110 may be a dedicated for use
in a system for hand gesture detection. Alternatively, the
wrist wear 110 may form a bracelet of a wristwatch or a
piece of jewelry.
[0030] The wrist wear 110 is provided with a set of a
plurality of skin electrodes 120. As schematically indicat-
ed in Fig. 1, the electrodes of the set of skin electrodes
120 are distributed along a circumferential section (indi-
cated by the dashed line) of the wrist wear 110 which in
use of the wrist wear 110 is adapted to face an under
side of the wrist (i.e. the palm-side). Although not shown

in Fig. 1, the set of skin electrodes may be distributed
along an extended circumferential section which in use
of the wrist wear 110 is adapted to face both an under
side and an upper side of the wrist (i.e. both the palm-
side and the back-side of the hand).
[0031] Each skin electrode of the set of skin electrodes
120 is arranged on a surface of the wrist wear 110 which
is intended to face the skin of the wrist, i.e. on a surface
of the wrist wear 110 which faces in a radially inward
direction of the wrist wear 110. Each skin electrode of
the set 120 is adapted to make galvanic contact with a
respective portion of the skin of the wrist. Different layouts
of the set of skin electrodes 120 will be further detailed
below.
[0032] Each skin electrode of the set 120 may include
a separate conductive portion. Each conductive portion
may include a conductive material such as stainless
steel, copper, aluminum, gold, silver, silver-chloride or
carbon, to name a few. The conductive material may be
arranged as a thin layer on the surface of the wrist wear
110. A thin layer may for instance be glued to the surface
of the wrist wear 110, or attached by mechanical attach-
ment means. According to further options a conductive
portion may be formed by a patch of conductive ink de-
posited on the surface of wrist wear 110, or by a conduc-
tive yarn incorporated into the surface of the wrist wear
110 (e.g. interwoven with a strap of a woven material).
[0033] The system 100 further includes an impedance
measurement circuit 130. The impedance measurement
circuit 130 is connected to the set of skin electrodes 120.
The impedance measurement circuit 130 is adapted to
measure a respective impedance at each one of a plu-
rality of circumferentially displaced portions of the wrist
via a respective group of electrodes of the set of skin
electrodes 120. Accordingly, the electrode groups are
circumferentially displaced in relation to each other. Each
electrode group of the set of skin electrodes 120 may be
referred to as an impedance measurement channel of
the system 100. The number of electrode groups / im-
pedance measurement channels is an implementation
choice and may be at least two, at least three, at least
four or at least five.
[0034] The wrist includes nine tendons which extend
in a respective length direction through the wrist to the
hand. A movement of a finger of the hand is controlled
by a respective pair of tendons. Due to the relative cir-
cumferential displacement of the electrode groups of the
set of electrodes 120, an impedance may be measured
by the impedance measurement circuit 130 in a number
of circumferentially displaced portions of the wrist (the
number of portions corresponding to the number of elec-
trode groups). The wrist portion which presents the short-
est distance to (or overlaps) a stretching/contracting ten-
don (or pair of tendons) may thus present the greatest
impedance change.
[0035] Generally, the amount of circumferential dis-
placement between adjacent electrode groups of the set
of electrodes 120 may be such that the separation along
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the circumferential direction between two outer electrode
groups roughly corresponds to a separation between the
tendon pair controlling movement of the thumb and the
tendon pair controlling movement of the little finger. How-
ever, this is not a requirement and both greater and less
separation may be used. In particular, in some applica-
tions it may be desirable to only detect gestures involving
movement of some of the fingers of the hand, wherein
the electrode groups may be arranged to enable meas-
urement in proximity with the tendons controlling the
movement of the fingers of interest.
[0036] The system 100 further includes a processing
circuit 140. The processing circuit 140 is connected to
the impedance measurement circuit 130. The processing
circuit 140 is adapted to detect a hand gesture of the user
based on the impedances measured by the impedance
measurement circuit 130.
[0037] The impedance measurement circuit 130 and
the processing circuit 140 may be implemented in a re-
spective integrated circuit, application specific integrated
circuit (ASIC) or field-programmable gate array (FGPA).
The impedance measurement circuit 130 and the
processing circuit 140 may be arranged on separate car-
riers or on a common carrier. The impedance measure-
ment circuit 130 and the processing circuit 140 may even
be implemented in a common integrated circuit, ASIC or
FPGA.
[0038] For clarity of the illustration, Fig. 1 shows the
impedance measurement circuit 130 and the processing
circuit 140 as dashed boxes which are physically sepa-
rated from the wrist wear 110. However, the impedance
measurement circuit 130 and the processing circuit 140
may preferably be arranged on or supported by the wrist
wear 110. For instance the impedance measurement cir-
cuit 130 and the processing circuit 140 may be arranged
on a (separate or common) carrier which is attached to
or incorporated in the wrist wear 110. The impedance
measurement circuit 130 and the processing circuit 140
may for instance be arranged in a pocket formed in the
wrist wear 110, for instance in a pocket in a strap of the
wrist wear 110. If the wrist wear 110 forms a bracelet for
a wristwatch, at least one of the impedance measure-
ment circuit 130 and the processing circuit 140 may be
included in the watch enclosure.
[0039] In any case, the wrist wear 110 may include
connection paths extending between the impedance
measurement circuit 130 and the set of skin electrodes
120 (and if the impedance measurement circuit 130 and
the processing circuit 140 are implemented as physically
separate circuits also between the impedance measure-
ment circuit 130 and the processing circuit 140). The con-
nection paths may for instance be formed by conducting
wires or by conducting paths printed on a flexible sub-
strate (such as a thin plastic foil) and may be incorporated
in a strap of the wrist wear 110. The impedance meas-
urement circuit 130 and the processing circuit 140 may
be powered by a common or by a respective power
source, for instance in the form of a battery, which is

integrated in wrist wear 110.
[0040] Alternatively, the impedance measurement cir-
cuit 130 and the processing circuit 140 may be arranged
physically separated from the wrist wear 110. The im-
pedance measurement circuit 130 and the processing
circuit 140 may for example be included in a respective
or common electronics module which may be adapted
to be worn on another part of the body of the user, such
as the arm or at the waist, or even placed remote from
the body of the user. The impedance measurement cir-
cuit 130 may in this case be connected to the set of skin
electrodes 120 by electrical wires extending from the
electronics module to the set of electrodes 120 at the
wrist wear 110.
[0041] According to a further alternative the imped-
ance measurement circuit 130 may be arranged on or
supported by the wrist wear 110 and the processing cir-
cuit 140 may be arranged physically separated from the
wrist wear 110, for instance in an electronics module as
described above. The impedance measurement circuit
130 may in this case be connected to the processing
circuit 140 by electrical wires extending from the elec-
tronics module to the impedance measurement circuit
130 at the wrist wear 110, or connected by wireless
means such as Bluetooth®, Bluetooth® LE or WiFi.
[0042] Fig. 2 is a schematic functional block diagram
of the system 100. The additional block 160 represents
the wrist of the user. An indication of the wrist wear 110
has been omitted from Fig. 2 for the purpose of illustrative
clarity. However the discussion concerning the wrist wear
110 in connection with Fig. 1 applies also to the discus-
sion of the system 100 in relation to Fig. 2.
[0043] The impedance measurement circuit 130 is
adapted to measure an impedance in a plurality of por-
tions of the wrist 160 via a respective electrode group,
each electrode group including four skin electrodes of
the set of skin electrodes 120.
[0044] The impedance measurement circuit 130 is se-
lectively connectable to an electrode group via a switch-
ing circuit 132 of the system 100. The switching circuit
132 is adapted to selectively connect the impedance
measurement circuit 130 to one of the electrode groups
of the set of skin electrodes 120. The impedance meas-
urement circuit 130 is adapted to measure an impedance
via the electrode group to which the impedance meas-
urement circuit 130 is currently connected. The switching
circuit 132 may thereby control which impedance meas-
urement channel should be used at each instant. Al-
though illustrated as a separate block in relation to the
block 130, the switching circuit 132 may also form part
of the impedance measurement circuit 132.
[0045] The switching circuit 132 may include a set of
switches, such as relays or transistor-based switches.
One switch may be connected to each electrode of the
set of skin electrodes 120. The impedance measurement
circuit 130 may include four terminals. Each terminal of
the impedance measurement circuit 130 may be con-
nected to one electrode of each electrode group via a
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respective switch of the switching circuit 132. The state
of the switches (e.g. "open" or "close") may be controlled
by a control circuit of the switching circuit 132, adapted
to output control signals for selectively switching the state
of the set of switches to connect the impedance meas-
urement circuit 130 to the intended electrode group. The
four terminals of the impedance measurement circuit 130
may thus be connected to four electrodes of each elec-
trode group by controlling the states of the switches. This
implementation of the switching circuit 132 however only
represents one way of achieving the desired function and
various other implementations of the switching circuit 132
are possible. An analog multiplexer may for instance be
used for selecting the active electrode group for the im-
pedance measurement circuit 130.
[0046] Referring to the four electrodes of an electrode
group of the set of skin electrodes 120 as a first, a second,
a third and a fourth electrode, respectively, the imped-
ance measurement circuit 130 may be adapted to meas-
ure an impedance via an electrode group by transmitting
a test current between the first and the second electrode
of said electrode group and, while the test current prop-
agates through a portion of the wrist 160, measuring a
voltage between the third and the fourth electrodes of
said electrode group. With reference to the above exam-
ple implementation of the switching circuit 132, the test
current may be transmitted from the first terminal to the
second terminal (via the first and the second skin elec-
trode) and the voltage may be measured between the
third and the fourth terminal of the impedance measure-
ment circuit 130 (via the third and the fourth skin elec-
trode).
[0047] A test current may be generated by a signal
generator of the impedance measurement circuit 130 in-
cluding a controlled current source adapted to output an
AC test current of a predetermined amplitude and fre-
quency via the first and second terminals of the imped-
ance measurement circuit 130. The amplitude of the test
current may for example be in the range of 10 mA to 1
mA. The frequency of the test current may for example
be in the range of 1 kHz to 1 MHz. The test signal may
be generated at a single predetermined frequency or
within a relatively narrow frequency band, however
broadband frequency generation is also possible.
[0048] The test current may be transmitted between
the first electrode and the second electrode of the cur-
rently selected electrode group, as controlled by the
switching circuit 132. The voltage induced in a wrist por-
tion conducting the test current may be measured via the
third and the fourth skin electrode of the currently select-
ed electrode group. The absolute value of the body im-
pedance of the wrist portion may be estimated from the
ratio between the amplitude of the measured voltage and
the amplitude of the test current. A phase of the body
impedance may be estimated from a phase difference
between the test current and the measured voltage. The
impedance measurement circuit 130 may include an an-
alog-to-digital converter for sampling and digitizing the

test current transmitted between the first and the second
electrode and the resulting voltage between the third and
the fourth electrode. The impedance measurement cir-
cuit 130 may thus calculate the absolute value of the
body impedance and the phase of the body impedance
in a digital domain.
[0049] The switching circuit 132 may be adapted to
connect the impedance measurement circuit 130 to only
one electrode group at a time. An active impedance
measurement channel may thus be changed in a "time-
division manner" wherein the impedance measurements
circuit 130 may measure an impedance in only one por-
tion of the wrist 160 at a time. The switching circuit 132
may be adapted to repeatedly cycle through all available
impedance measurement channels of the system 100.
The switching circuit 132 may be adapted to change the
active impedance measurement channel at a predeter-
mined rate such as 10-500 times per second. Each time
an impedance measurement channel is changed the im-
pedance measurement circuit 130 may be adapted to
perform an impedance measurement via the electrode
group representing the currently active impedance
measurement channel. The time interval during which
the impedance measurement circuit 130 may measure
an impedance in a wrist portion depends on inter alia the
rate at which the switching circuit 132 cycles through the
impedance measurement channels and the frequency of
the test signal. The impedance measurement circuit 130
may be adapted to determine a mean or median value
of the impedance measured during the time interval as
the result of the impedance measurement.
[0050] As an alternative to the single impedance meas-
urement circuit 130 and the switching circuit 132, the sys-
tem 100 may include a separate impedance measure-
ment circuit associated with and connected to each elec-
trode group of the set of skin electrodes 120. Each such
impedance measurement circuit may accordingly meas-
ure an impedance via its associated electrode group in-
dependently from the other impedance measurement cir-
cuits (e.g. repeatedly at a predetermined rate). Each im-
pedance measurement circuit may otherwise operate in
a manner corresponding to the impedance measurement
circuit 130.
[0051] With reference to Fig. 2, the processing circuit
140 is connected to the impedance measurement circuit
130. The impedance measurement circuit 130 may be
adapted to provide to the processing circuit 140 an output
signal which includes a representation of the measured
impedance. The representation may for instance be a
value of the measured impedance. The output signal may
further include an indication of the electrode group via
which the impedance is measured.
[0052] Alternatively, the impedance measurement cir-
cuit 130 may be adapted to store a representation of a
measured impedance in a data memory (not shown in
Fig. 2) of the system 100. The processing circuit 140 may
be adapted to read the impedance measurement from
the data memory. The data memory may include a data
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structure including a respective storage area associated
with each impedance measurement channel. The imped-
ance measurement circuit 130 may accordingly be adapt-
ed to store a representation of a measured impedance
in a storage area of the data structure which is associated
with the impedance measurement channel via which the
impedance was measured. The relevant storage area of
the data structure may hence be updated each time a
new impedance measurement has been performed. At
each instance, the processing circuit 140 may thereby
gain access to the set or combination of the most recently
measured impedances for each respective impedance
measurement channel.
[0053] A set or combination of values representing the
most recently measured impedance for each impedance
measurement channel, or the magnitude of the change
of the measured impedance for each impedance meas-
urement channel may in the following be referred to as
the current set of measured impedances.
[0054] The processing circuit 140 is adapted to detect
a hand gesture of the user based on impedances meas-
ured by the impedance measurement circuit 130. The
processing circuit 140 may be adapted to detect a hand
gesture on the basis of a changed impedance for one or
more electrode groups of the set of skin electrodes 120,
i.e. in one or more wrist portions. Such an analysis may
be performed repeatedly at a predetermined rate or each
time a new impedance measurement is performed.
[0055] The processing circuit 140 may be adapted to
determine if an impedance measured via an electrode
group is changed in relation to a previous impedance
measured via said electrode group by more than some
predetermined threshold (in amplitude and/or phase do-
main, the values of which may be set based on a desired
sensitivity level of the detection). If the determination is
positive, the processing circuit 140 may determine that
a hand gesture (e.g. a finger movement) was made. In
response to the positive determination the processing
circuit 140 may provide an output signal indicating that
a movement was detected for the electrode group, i.e.
the impedance measurement channel, which measured
the change (e.g. "channel 1","channel 2", ... or channel
"n"). In the event that a positive determination is made
in relation to more than one impedance measurement
channel, the processing circuit 140 may provide an out-
put signal indicating that a movement was detected for
said more than one impedance measurement channels.
[0056] The processing circuit 140 may implement a
classification function adapted to map the current set of
measured impedances to one of a plurality of predefined
gesture types. The classification function may be per-
formed repeatedly at a predetermined rate or each time
a new impedance measurement is performed (wherein
a new current set of measured impedances becomes
available).
[0057] Non-limiting example of predefined gesture
types include basic gesture types such as "movement of
the thumb", "movement of the index finger", "movement

of the middle finger" etc; and more elaborate gesture
types such as "extension of the thumb", "bending of the
thumb", "extension of the index finger", "bending of the
index finger" etc, and combinations thereof.
[0058] The classification function may for example
map the current set of measured impedances to a pre-
defined gesture type by comparing the current set of
measured impedances with a set of vectors including a
same number of components as the number of imped-
ance measurement channels, each component having a
predefined value and each vector being associated with
a particular gesture type. The classification function may
map the current set of measured impedances of imped-
ance measurements to the gesture type which is asso-
ciated with the vector which is closest to the given com-
bination of impedance measurements, using some ap-
propriate norm. The classification function may also em-
ploy other mathematical methods for mapping a current
combination of impedance measurements to a prede-
fined gesture type, such as fuzzy logic, linear and/or mul-
tiple linear regression models, random forest regression
models, Bayesian models and/or general machine learn-
ing regression models machine learning.
[0059] The processing circuit 140 may provide an out-
put signal indicating the result of the classification func-
tion which may be a human-readable label of the prede-
fined gesture type which the classification function
mapped to or some other type of identification or label
which may be interpreted by a remote device which is to
be controlled on the basis of the detected gesture.
[0060] The system 100 includes an input/output (I/O)
interface 142. The processing circuit 140 is connected
to the I/O interface 142. The I/O interface 142 is adapted
to receive the output signal from the processing circuit
140. The output signal from the processing unit 140 may,
as described above, indicate that a gesture was detected
and/or for which impedance measurement channels
movement was detected. If the processing circuit 140
implements the classification function described above
the output signal may alternatively or additionally indicate
the gesture type.
[0061] The I/O interface 142 may include a wireless
transceiver wherein a representation of the output signal
from the measurement circuit 130 may be forwarded to
a remote device, e.g. in the form of a data packet. The
I/O interface 142 may for example implement wireless
communication using a state-of-the-art wireless commu-
nications technology such as Bluetooth®, Bluetooth® LE
or WiFi. The I/O interface 142 may alternatively be adapt-
ed to implement Human Body Communication (if the re-
mote device is carried by the user). In any case the I/O
interface 142 may be powered by a same power source
as the processing circuit 140. Although illustrated as a
separate block in relation to the block 140, the I/O inter-
face 142 may also form part of the processing circuit 140.
[0062] The remote device may for example be a com-
puting device such as a smart phone, a tablet computer,
a hybrid of a laptop and tablet computer, a TV, a gaming
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console etc. The remote device may implement a map-
ping function adapted to map a content of the received
signal to a one of a plurality of predefined commands or
actions which are defined in relation to the user interface
and/or operating system running on the computing de-
vice. Such commands or action may as a non-limiting
example include emulation of a mouse click, emulation
of a particular keyboard input, movement of a pointer or
shifting of focus within a graphical user interface, launch-
ing or termination of a software application executable
on the remote device, etc.
[0063] As an alternative to the processing circuit 140
being arranged on the wrist wear 110 or in a separated
electronics module wired to the wrist wear, the process-
ing circuit 140 (with the above described functionality)
may instead be formed by a processing circuit of the re-
mote device. Thereby, possibly power consuming com-
puting operations may be alleviated from the electronics
of the wrist wear 110. In that case, the I/O interface 142
may instead be connected directly to the impedance
measurement circuit 130 wherein the I/O interface 142
may communicate results of impedance measurements
performed by the impedance measurement circuit 130
to the processing device of the remote device.
[0064] As illustrated in Fig. 2, the system 100 may op-
tionally further include an accelerometer 150. The accel-
erometer 150 may be arranged on the wrist wear 110.
The system 100 may thereby detect movement of also
the arm of the user. An output signal indicative of detected
movement by accelerometer may be output to the
processing circuit 140. The input from the accelerometer
150 may be used in conjunction with the measured im-
pedances wherein combinations of hand gestures and
arm movements may be detected and provided to the
remove device for control thereof.
[0065] Figs 3a, b schematically illustrate an arrange-
ment of the set of electrodes 120 of the wrist wear 110.
Fig. 3a illustrates the side of the wrist wear 110 which is
intended to face the skin of the wrist. The circumferen-
tially extending edges of the wrist wear 110 are schemat-
ically indicated by the pair of outer dashed lines. The
direction denoted "C" indicates the circumferential direc-
tion or dimension of the wrist wear 110. The direction
denoted "W" indicates the width direction or dimension
of the wrist wear 110. The electrodes of the set of elec-
trodes 120, the electrode separation as well as the wrist
wear 110 are not drawn to scale in Figs 3a, 3b. For in-
stance each electrode may cover a smaller surface area
of the wrist wear 110 than shown in Fig 3a and the elec-
trode separations may be greater or smaller than indi-
cated.
[0066] The set of electrodes 120 includes a first row of
electrodes which are aligned along a first geometrical
line L1 and a second row of electrodes which are aligned
along a second geometrical line L2. The first and the
second rows of electrodes are displaced in relation to
each other along the direction W. Either one of the first
and second row may be arranged closer to the hand than

the other one.
[0067] In Fig. 3a, the first geometrical line L1 and the
second geometrical line L2 are parallel to each other and
also parallel to the circumferential direction C. This ar-
rangement enables a uniform appearance of the set of
electrodes 120 and may enable rational manufacturing
and reduce spatial variations between the electrode
groups and consequently reduce undesired biasing of
impedance measurements between the different elec-
trode groups 320a-e.
[0068] Alternatively, one or both of the first and the
second geometrical lines L1, L2 may however extend at
an angle (i.e. in a non-parallel direction) in relation to the
circumferential direction C. The electrodes of the set of
electrodes 120 may thereby present varying distances
from the edges of the wrist wear 110.
[0069] Each row includes six separate electrodes. This
enables formation of five electrode groups 320a-e, each
including four electrodes. The electrode groups 320a-e
are displaced in relation to each other along the direction
C of the wrist wear 110.
[0070] Fig. 3b shows an enlarged view of a first elec-
trode group 320a and a second electrode group 320b of
the set of electrodes 120, wherein:

the electrode 321 forms a first electrode of the elec-
trode group 320a,
the electrode 322 forms a second electrode of the
electrode group 320a,
the electrode 323 forms a third electrode of the elec-
trode group 320a,
the electrode 324 forms a fourth electrode of the elec-
trode group 320a,
the electrode 323 forms a first electrode of the elec-
trode group 320b,
the electrode 326 forms a second electrode of the
electrode group 320b,
the electrode 325 forms a third electrode of the elec-
trode group 320b, and
the electrode 322 forms a fourth electrode of the elec-
trode group 320b.

[0071] Accordingly, the first electrode group 320a and
the second electrode group 320b are defined to have the
two electrodes 322 and 323 in common. The two elec-
trodes 322 and 323 are arranged between the electrodes
321, 324 and 325, 326, as viewed along the direction C.
[0072] As shown in Fig. 3b, in each one of the first and
the second electrode groups 320a and 320b, the first and
the second electrode (321 and 322, or 323 and 326) are
arranged on opposite sides of a straight geometrical line
(P1 or P2) extending between the third and the fourth
electrode (323 and 324; or 325 and 322).
[0073] The impedance measurement circuit 130 may
be adapted to measure an impedance via the electrode
group 320a by transmitting the test current between the
electrode 321 and the electrode 322 and measure a volt-
age between the electrode 323 and the electrode 324.
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The impedance measured via the electrode group 320a
may hence be estimated in a portion of the wrist extend-
ing along the geometrical line P1 which extends across
the direction along which the test current is transmitted.
[0074] The impedance measurement circuit 130 may
be adapted to measure an impedance via the electrode
group 320b by transmitting the test current between the
electrode 323 and the electrode 326 and measure a volt-
age between the electrode 325 and the electrode 322.
The impedance measured via the electrode group 320b
may hence be estimated in a portion of the wrist extend-
ing along the geometrical line P2 which extends across
the direction along which the test current is transmitted.
[0075] Accordingly, the electrode 323 may be used for
voltage sensing in the electrode group 320a and for trans-
mitting the test current in the electrode group 320b. Con-
versely, the electrode 322 may be used for transmitting
the test current in the electrode group 320a and for volt-
age sensing in the electrode group 320b.
[0076] Alternatively, the impedance measurement cir-
cuit 130 may be adapted to measure the impedance via
the electrode group 320b by transmitting the test current
between the electrode 325 and the electrode 322 and
measure a voltage between the electrode 323 and the
electrode 326. According to this alternative, the electrode
323 is used for voltage sensing in both of the electrode
groups 320a and 320b. Conversely, the electrode 322 is
used for transmitting a test current in both the electrode
group 320a and 320b.
[0077] Although in the above reference was made
mainly to the electrode groups 320a and 320b, the above
discussion applies correspondingly to each adjacent pair
of electrode groups, i.e. 320b-320c; 320c-320d; 320d-
320e.
[0078] Figs 4a, b schematically illustrate a further ar-
rangement of the set of electrodes 120 of the wrist wear
110. The views in Figs 4a, b generally corresponds to
the views in Figs 3a, b.
[0079] The set of electrodes 120 includes a first, a sec-
ond and a third row of electrodes which are aligned along
a respective geometrical line (not shown for illustrative
clarity). The first, the second and the third rows of elec-
trodes are displaced in relation to each other along the
direction W. Either one of the first and third row may be
arranged closer to the hand than the other one.
[0080] The first and the third row of electrodes (i.e. the
outer rows of electrodes) include five electrodes each.
The second row (i.e. the middle row of electrodes) in-
cludes six electrodes. This enables formation of five elec-
trode groups 420a-e, each including four electrodes. The
electrode groups 420a-e are displaced in relation to each
other along the direction C of the wrist wear.
[0081] Fig. 4b shows an enlarged view of a first elec-
trode group 420a and a second electrode group 420b of
the set of electrodes 120, wherein:

the electrode 421 forms a first electrode of the elec-
trode group 420a,

the electrode 422 forms a second electrode of the
electrode group 420a,
the electrode 423 forms a third electrode of the elec-
trode group 420a,
the electrode 424 forms a fourth electrode of the elec-
trode group 420a,
the electrode 425 forms a first electrode of the elec-
trode group 420b,
the electrode 426 forms a second electrode of the
electrode group 420b,
the electrode 424 forms a third electrode of the elec-
trode group 420b, and
the electrode 427 forms a fourth electrode of the elec-
trode group 420b.

[0082] Accordingly, the first electrode group 420a and
the second electrode group 420b are defined to have the
one electrode 424 in common. The electrode 424 is ar-
ranged between the electrodes 421-423 and 425-427 as
viewed along the direction C.
[0083] As shown in Fig. 4b, in each one of the first and
the second electrode groups 420a and 420b, the first and
the second electrode (421 and 422, or 425 and 426) are
arranged on opposite sides of a straight geometrical line
(P1 or P2) extending between the third and the fourth
electrode (423 and 424; or 424 and 427).
[0084] Similar to the discussion in connection with Fig.
3b, the impedance measurement circuit 130 may be
adapted to measure an impedance via the electrode
group 420a by transmitting the test current between the
electrode 421 and the electrode 422 and measure a volt-
age between the electrode 423 and the electrode 424 (or
vice versa). The impedance measured via the electrode
group 420a may hence be estimated in a portion of the
wrist extending along (or across) the geometrical line P1.
[0085] The impedance measurement circuit 130 may
be adapted to measure an impedance via the electrode
group 420b by transmitting the test current between the
electrode 425 and the electrode 426 and measure a volt-
age between the electrode 424 and the electrode 427.
The impedance measured via the electrode group 420b
may hence be estimated in a portion of the wrist extend-
ing along (or across) the geometrical line P2.
[0086] Although in the above reference was made
mainly to the electrode groups 420a and 420b, the above
discussion applies correspondingly to each adjacent pair
of electrode groups, i.e. 420b-420c; 420c-420d; 420d-
420e.
[0087] Figs 5a, b schematically illustrate a further ar-
rangement of the set of electrodes 120 of the wrist wear
110. The views in Figs 5a, b generally corresponds to
the views in Figs 3a, b.
[0088] The set of electrodes 120 includes five columns
of four electrodes each, which are aligned along a re-
spective geometrical line (not shown for illustrative clar-
ity). The columns are circumferentially displaced in rela-
tion to each other. This enables formation of five elec-
trode groups 520a-e, each including four electrodes. The
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electrode groups 520a-e are displaced in relation to each
other along the direction C of the wrist wear.
[0089] In Fig. 5a, the columns (i.e. the electrodes of
each electrode group 520a-e) are aligned along parallel
geometrical lines, which also are parallel to the width
direction W of the wrist wear 110. This arrangement en-
ables a uniform appearance of the set of electrodes 120
and may enable rational manufacturing and reduce spa-
tial variations between the electrode groups and conse-
quently reduce undesired biasing of impedance meas-
urements between the different electrode groups 520a-e.
[0090] Alternatively, one or more of the columns may
be aligned along a respective geometrical line which is
angled or inclined in relation to the width direction W.
This may facilitate measuring an impedance across a
tendon.
[0091] Fig. 5b shows an enlarged view of a first elec-
trode group 520a and a second electrode group 520b of
the set of electrodes 120, wherein:

the electrode 521 forms a first electrode of the elec-
trode group 520a,
the electrode 522 forms a second electrode of the
electrode group 520a,
the electrode 523 forms a third electrode of the elec-
trode group 520a,
the electrode 524 forms a fourth electrode of the elec-
trode group 520a,
the electrode 525 forms a first electrode of the elec-
trode group 520b,
the electrode 526 forms a second electrode of the
electrode group 520b,
the electrode 527 forms a third electrode of the elec-
trode group 520b, and
the electrode 528 forms a fourth electrode of the elec-
trode group 520b.

[0092] Accordingly, the third and the fourth electrode
of each electrode group are arranged between the first
and the second electrode of the respective electrode
group, as viewed along the direction W.
[0093] The impedance measurement circuit 130 may
be adapted to measure an impedance via the electrode
group 520a by transmitting the test current between the
electrode 521 and the electrode 522 and measure a volt-
age between the electrode 523 and the electrode 524.
[0094] The impedance measurement circuit 130 may
be adapted to measure an impedance via the electrode
group 520b by transmitting the test current between the
electrode 525 and the electrode 526 and measure a volt-
age between the electrode 527 and the electrode 528.
[0095] The voltage may hence be measured along a
same path as the test current is transmitted along for
both electrode groups 520a, 520b.
[0096] The electrode groups 520a, 520b enable im-
pedances to be measured along a direction which cor-
responds substantially to a length direction of the tendons
in the wrist. The sensitivity to impedance variations due

to tendon stretching/contraction may thus be increased
[0097] Although in the above reference was made
mainly to the electrode groups 520a and 520b, the above
discussion applies correspondingly to the further elec-
trode groups 520c-e.
[0098] In the above the inventive concept has mainly
been described with reference to a limited number of ex-
amples. However, as is readily appreciated by a person
skilled in the art, other examples than the ones disclosed
above are equally possible within the scope of the inven-
tive concept, as defined by the appended claims.
[0099] For instance, although the set of electrodes 120
in Figs 3-5 include five electrode groups, it is possible to
include a smaller or a greater number of electrode groups
in the set of electrodes, depending on the desired degree
of spatial resolution of the impedance measurements.
[0100] Furthermore, although in each of Figs 3a-5b the
electrodes of the set of electrodes 120 are shown to have
a same appearance the electrodes of the set of elec-
trodes 120 may in fact have different appearances. For
instance the electrodes of the set of electrodes 120 may
present different surface areas. The electrodes of the set
of electrodes 120 may also be provided in other shapes
than the illustrated square-shape and may for instance
have rectangular shapes, triangular shapes, polygonal
shapes or even rounded shapes such as circular or oval
shapes.
[0101] Moreover, in Figs 3a and 3b, each adjacent pair
of electrode groups have two electrodes in common. Al-
ternatively, a similar arrangement of the electrodes of the
set of electrodes 120 may be used but wherein adjacent
pairs of electrode groups have no electrodes in common.
According to this alternative the first row of electrodes
and the second row of electrodes may each include ten
electrodes, in order to accommodate for five distinct elec-
trode groups.
[0102] Likewise, in Figs 4a and 4b, each adjacent pair
of electrode groups have one electrode in common. Al-
ternatively, a similar arrangement of the electrodes of the
set of electrodes 120 may be used but wherein adjacent
pairs of electrode groups have no electrodes in common.
According to this alternative the first row of electrodes
and the third row of electrodes may each include five
electrodes and the second row of electrodes may include
ten electrodes, in order to accommodate for five distinct
electrode groups.
[0103] Although forming the electrode groups to not
have any electrodes in common requires a greater
number of electrodes for defining a same number of elec-
trode groups as the arrangement shown in Fig. 4a, it pro-
vides an increased freedom in terms of the relative po-
sitioning of the electrode groups. For instance, the elec-
trode groups may be displaced in relation to each other
along the width direction W. Each electrode group may
thereby be provided at the position along a respective
tendon which represents the best impedance measure-
ment position.
[0104] According to a further alternative the system
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100 may include an additional wrist wear of a same type
as the wrist wear 110. The wrist wear 110 may be worn
about one wrist and the additional wrist wear may be
worn about the other wrist. The system 100 may thereby
enable gesture detection for two hands.

Claims

1. A system for hand gesture detection, comprising:

a wrist wear adapted to be worn about a wrist
of a user and including a set of skin electrodes;
an impedance measurement circuit adapted to
measure at least a first impedance in a first por-
tion of the wrist and a second impedance in a
second portion of the wrist which second portion
is circumferentially displaced in relation to said
first portion, wherein the first impedance is
measured via a first electrode group including
four skin electrodes of said set of skin electrodes
and the second impedance is measured via a
second electrode group including four skin elec-
trodes of said set of skin electrodes, and
a processing circuit adapted to detect a hand
gesture of the user based on the first and the
second impedance measured by the impedance
measurement circuit.

2. A system according to claim 1, wherein the first elec-
trode group and the second electrode group have at
least one electrode in common.

3. A system according to any one of claims 1-2, where-
in, for each one of the first and the second electrode
group, a first and a second electrode of said elec-
trode group are arranged on opposite sides of a ge-
ometrical line extending between a third and a fourth
electrode of said electrode group.

4. A system according to claim 3, wherein the first elec-
trode group and the second electrode group have at
least one electrode in common and wherein said at
least one common electrode is arranged between
the other electrodes of the first electrode group and
the other electrodes of the second electrode group,
as viewed along a circumferential direction of the
wrist wear.

5. A system according to any of claims 3-4, wherein
the second electrode of the first electrode group
forms the fourth electrode of the second electrode
group and the third electrode of the first electrode
group forms the first electrode of the second elec-
trode group, wherein the second and the third elec-
trode of the first electrode group are arranged be-
tween the other two electrodes of the first electrode
group and the other two electrodes of the second

electrode group, as viewed along a circumferential
direction of the wrist wear.

6. A system according to any of claims 3-5, wherein
the first and the third electrode of the first electrode
group and the second electrode group are arranged
along a first common geometrical line and wherein
the fourth and the second electrode of the first elec-
trode group and the second electrode group are ar-
ranged along a second common geometrical line.

7. A system according to any of claims 3-4, wherein
the fourth electrode of the first electrode group forms
the third electrode of the second electrode group,
the fourth electrode of the first electrode group being
arranged between the other three electrodes of the
first electrode group and the other three electrodes
of the second electrode group, as viewed along a
circumferential direction of the wrist wear.

8. A system according to claim 1, wherein the first and
the second electrode group are circumferentially dis-
placed in relation to each other and wherein, for each
one of the first and the second electrode group, a
first, a second, a third and a fourth electrode of said
electrode group are arranged along a common ge-
ometrical line, the third and the fourth electrode being
arranged between the first and the second electrode.

9. A system according to any one of claims 1-8, where-
in:

a first and a second electrode of the first elec-
trode group forms a first electrode pair of the
first electrode group, a third and a fourth elec-
trode of the first electrode group forms a second
electrode pair of the first electrode group, a first
and a second electrode of the second electrode
group forms a first electrode pair of the second
electrode group, a third and a fourth electrode
of the second electrode group forms a second
electrode pair of the second electrode group,
and
the impedance measurement circuit is adapted
to:

measure the first impedance, wherein
measuring the first impedance includes
transmitting a first test current between one
of the first and the second electrode pair of
the first electrode group and measuring a
first voltage between the other one of the
first and the second electrode pair of the
first electrode group, and
measure the second impedance, wherein
measuring the second impedance includes
transmitting a second test current between
one of the first and the second electrode
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pair of the second electrode group and
measuring a second voltage between the
other one of the first and the second elec-
trode pair of the second electrode group.

10. A system according to claim 9, wherein the second
electrode of the first electrode group forms the fourth
electrode of the second electrode group and the third
electrode of the first electrode group forms the first
electrode of the second electrode group and wherein
the measurement circuit is adapted to transmit the
first test current between the first electrode pair of
the first electrode group and measure the first volt-
age between the second electrode pair of the first
electrode group, and to transmit the second test cur-
rent between the second electrode pair of the second
electrode group and measure the second voltage
between the first electrode pair of the second elec-
trode group.

11. A system according to any one of claims 1-10, where-
in the set of electrodes includes at least five electrode
groups circumferentially displaced in relation to each
other and each including four electrodes.

12. A system according to any of claims 1-11, wherein
the electrodes of said set of skin electrodes are dis-
tributed in relation to each other along a circumfer-
ential section of the wrist wear which is adapted to
face an under side of the wrist.

13. A system according to any of claims 1-12, further
comprising a switching circuit adapted to selectively
connect the measurement circuit to the first electrode
group or the second electrode group

14. A system according to any of claims 1-13, wherein
the processing circuit is adapted to detect a hand
gesture by detecting a changed impedance in the
first or the second portion of the wrist based on said
first and said second impedance, respectively.

15. A system according to any of claims 1-14, wherein
the impedance measurement circuit is adapted to
measure an impedance in each one of a plurality of
circumferentially displaced portions of the wrist via
a respective electrode group including four skin elec-
trodes,
and wherein the processing circuit is adapted to de-
tect and classify the hand gesture based on the im-
pedance measured in each one of said plurality of
circumferentially displaced portions.
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