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(54) DETERMINING A WATER OR LIPID LEVEL OF SKIN

(57) There is provided a system (100) and method
for determining a water or lipid level of skin. The system
(100) comprises at least two electrodes (108) suitable
for contacting skin, and a signal generator (106) config-
ured to generate an electrical signal at a frequency across
the at least two electrodes (108). The system (100) is

configured to measure a conductivity between the at least
two electrodes (108). The system (100) is further config-
ured to determine a water or lipid level of skin based on
the measured conductivity and the frequency of the elec-
trical signal.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a system and method
for determining a water or lipid level of skin.

BACKGROUND OF THE INVENTION

[0002] Skin surface lipid (e.g. sebum) and water (e.g.
hydration) levels are considered important factors in de-
termining skin appearance and skin health. The right bal-
ance between these components is an indication of
healthy skin and plays a central role in protecting and
preserving skin integrity. Hydration and lipid retaining
ability of the skin is primarily related to the stratum cor-
neum (SC). The SC plays the role of the barrier to water
loss and is composed of the corneocyte and an intercel-
lular lipid bilayer matrix. The water retaining property of
the SC is dependent on (i) the presence of natural hy-
groscopic agents collectively referred to as natural mois-
turizing factor (NMF) and (ii) the SC intercellular lipids
orderly arranged to form a barrier to prevent transepider-
mal water loss.
[0003] Generally, skin remains flexible when it con-
tains 10-20% water, but becomes brittle, when it drops
below 10%. Skin lipids (e.g. sebum) are a mixture of fatty
acids, triglycerides, proteins, and other molecules pro-
duced by the sebaceous glands in the dermis. Skin lipids
keep skin smooth and flexible by sealing and preserving
moisture in the corneal layer and preventing evaporation
and bacterial infections. The sebum excretion rate (SER)
reflects the amount of lipid (e.g. sebum) production and
is closely related to the physiological activities of the se-
baceous glands. This is important information in the
pathogenesis of sebaceous glands disorders and pimple
and acne.
[0004] An optimal balance between lipid and water lev-
el provides the skin with a radiant, smooth texture and a
natural pigmentation appearance, which is important
from a cosmetic perspective. Excessive lipid production
can cause clogged pores possibly resulting in blemishes.
Sufficient amount of skin hydration and lipids makes the
skin appear smooth, soft and supple whereas lack of
moisture can cause the skin to look dull and cracked,
appearing older. The reduction in the efficiency of the
barrier and moisture maintaining functions of the skin re-
sult in easily dried, roughened skin which can be poten-
tially more vulnerable to risk of infection.

SUMMARY OF THE INVENTION

[0005] As noted above, water and lipid content are im-
portant factors in determining overall skin health and
there exist hydration measuring devices that measure,
for example, the capacitance or current conductivity of
the skin and detect moisture on the skin based on these
measurements. However, it has been observed by the

inventors herein that these measurements may in fact
depend on both the water (e.g. hydration) level and lipid
(e.g. oil) level of the skin, which can result in inaccuracies
in such devices. For example, hydration levels measured
with such devices may change depending on the surface
lipid level of the skin, even if two patches of identically
hydrated skin are measured. It is therefore desirable to
provide a system and method for determining a level of
water or lipid content of the skin.
[0006] According to a first aspect there is provided a
system for determining a water or lipid level of skin. The
system comprises at least two electrodes suitable for
contacting skin and a signal generator configured to gen-
erate an electrical signal at a frequency across the at
least two electrodes. The system is configured to meas-
ure a conductivity between the at least two electrodes
and determine a water or lipid level of skin based on the
measured conductivity and the frequency of the electrical
signal.
[0007] In some embodiments, the signal generator
may be configured to generate an electrical signal at a
first frequency in a first frequency range. In these em-
bodiments, the system may be configured to determine
a water level of skin based on the measured conductivity
when the frequency of the signal is the first frequency.
[0008] In some embodiments, the first frequency range
may be a frequency range from 10 kHz to 100 kHz or a
frequency range from 0.8 MHz to 5 MHz.
[0009] In some embodiments, the first frequency may
be 50 kHz or 1 MHz.
[0010] In some embodiments, the signal generator
may be configured to generate an electrical signal at a
second frequency in a second frequency range. In these
embodiments, the system may be configured to deter-
mine a lipid level of skin based on the measured conduc-
tivity when the frequency of the signal is the second fre-
quency.
[0011] In some embodiments, the second frequency
range may be different to the first frequency range.
[0012] In some embodiments, the second frequency
range may be a frequency range from 10 Hz to 500Hz
or a frequency range from 10 MHz to 100 MHz.
[0013] In some embodiments, the second frequency
may be 50 Hz or 50 MHz.
[0014] In some embodiments, the system may be con-
figured to measure the conductivity at a plurality of fre-
quencies to acquire a plurality of conductivity measure-
ments.
[0015] In some embodiments, the system may be con-
figured to determine a water or lipid level of skin by de-
termining an average water or lipid level of skin from the
plurality of conductivity measurements.
[0016] In some embodiments, the system may be fur-
ther configured to compare the measured conductivity to
one or more predefined profiles describing the manner
in which skin conductivity varies with frequency, and de-
termine a water or lipid level of skin based on the com-
parison of the measured conductivity and the frequency

1 2 



EP 3 505 045 A1

3

5

10

15

20

25

30

35

40

45

50

55

of the radio frequency signal.
[0017] In some embodiments, the system may be fur-
ther configured to determine a skin condition based on
the determined water or lipid level.
[0018] In some embodiments, the system may be fur-
ther configured to determine a recommendation for a skin
treatment based on the determined skin condition.
[0019] According to a second aspect, there is provided
a method of operating a system to determine a water or
lipid level of skin. The system comprises at least two elec-
trodes suitable for contacting skin and a signal generator
configured to generate an electrical signal across the at
least two electrodes at a frequency. The method com-
prises measuring a conductivity between the at least two
electrodes, and determining a water or lipid level of skin
based on the measured conductivity and the frequency
of the electrical signal.
[0020] According to a third aspect, there is provided a
computer program product comprising a non-transitory
computer readable medium, the computer readable me-
dium having computer readable code embodied therein,
the computer readable code being configured such that,
on execution by a suitable computer or processor, the
computer or processor is caused to perform the method
as described above.
[0021] According to the aspects and embodiments de-
scribed above, it is possible to measure the water level
of skin substantially independently of its lipid level and/or
to measure the lipid level of skin substantially independ-
ently of its water level, by taking into account the frequen-
cy of the electrical signal in the determination of water or
lipid level from the measured conductivity. More specif-
ically, by determining a water or lipid level based on the
measured conductivity and the frequency of the electrical
signal, a conductivity measurement may be made at a
frequency that is more sensitive to the property being
measured (e.g. water or lipid level). In this way, more
accurate measurements of the water or lipid level of skin
can be determined. Moreover, it is possible for the water
and lipid level of skin to be determined using a single
system (e.g. a single device). The system and corre-
sponding method can be used to enable assessment of
the balance between water and lipid level, which is relat-
ed to skin health and thus can be used in the selection
of appropriate skin care treatments and products. The
systems and method can further be used in monitoring
the progress of such treatment.
[0022] These and other aspects will be apparent from
and elucidated with reference to the embodiment(s) de-
scribed hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Exemplary embodiments will now be described,
by way of example only, with reference to the following
drawings, in which:

Fig. 1 is an illustration of a system according to an

embodiment herein;
Fig. 2 shows a graph of frequency versus skin con-
ductivity for different skin types;
Fig. 3 illustrates ratios of conductivity that compare
the conductivity of different skin types with respect
to frequency;
Fig. 4 shows a table of example frequency ranges
for determining lipid and water level of skin according
to some embodiments;
Fig. 5 illustrates relative lipid and water levels for
different skin types according to an embodiment;
Fig. 6 illustrates relative lipid and water levels for
various different skin conditions according to an em-
bodiment; and
Fig. 7 is a flowchart of an example of a method of
operating a system to determine a water or lipid level
of skin according to an embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] As noted above, there is provided a system and
method for determining a level of water (or hydration) or
lipid (or sebum or oil) content of the skin.
[0025] Fig. 1 shows a system 100 for determining a
water or lipid level of skin. The system comprises at least
two (for example, at least one pair of) electrodes 108
suitable for contacting skin, and a signal generator 106
configured to generate an electrical signal at a frequency
across the at least two electrodes 108. In some embod-
iments, the system 100 described herein may be a de-
vice. Briefly, the system 100 is configured to measure a
conductivity between the at least two electrodes 108, and
determine a water or lipid level of skin based on the meas-
ured conductivity and the frequency of the electrical sig-
nal. In use, the at least two electrodes and the skin form
an electrical circuit. The electrical signal generated
across the at least two electrodes 108 thus passes
through the skin between the at least two electrodes 108
such that the conductivity of skin can be measured.
[0026] In some embodiments, the at least two elec-
trodes 108 may comprise at least one active electrode
configured to transmit the electrical signal and at least
one corresponding return electrode configured to receive
the electrical signal transmitted from the at least one ac-
tive electrode. In some embodiments, the at least two
electrodes 108 can comprise at least two microelec-
trodes. An electrode of the at least two electrodes 108
may be located at any suitable distance from another of
the at least two electrodes 108. For example, in some
embodiments, electrodes may be located at a distance
in a range from 0.1 mm to 1 mm from each other. In this
way, the sensitivity of the system 100 may be increased,
such as to measure skin superficial layers.
[0027] As noted above, it has been observed by the
inventors herein, that the conductivity of the skin may
depend on both water and lipid levels, which may result
in inaccuracies in measurements of hydration levels ac-
quired using existing devices. By determining a water or
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lipid level based on the measured conductivity and the
frequency of the electrical signal, a conductivity meas-
urement may be made at a frequency that is more sen-
sitive to the property being measured (e.g. water or lipid
level). In this way, more accurate measurements of the
water or lipid content of the skin can be determined.
[0028] A person skilled in the art will be familiar with
electrodes suitable for contacting skin. In some embod-
iments, a pad (or patch) may comprise the at least two
electrodes 108 and the pad may be suitable for contacting
skin. For example, each electrode may be partially em-
bedded in a pad. In some embodiments, the at least two
electrodes 108 (or a pad comprising the at least two elec-
trodes 108) may comprise an adhesive surface that en-
ables the at least two electrodes 108 (or pad comprising
the at least two electrodes 108) to be adhered to skin. In
some embodiments, the at least two electrodes 108 may
comprise an array of electrodes. In some embodiments,
the at least two electrodes 108 (or the array of electrodes)
may be configured (or arranged) to cover an area of in-
terest on the skin. For example, an array of electrodes
may be used to measure the conductivity of a larger area
of skin for large area mapping of skin conditions. In some
embodiments, an array of electrodes may be comprised
in, for example, a fingerprint sensor.
[0029] As mentioned earlier, the signal generator 106
of the system 100 is configured to generate an electrical
signal at a frequency across the at least two electrodes
108. In some embodiments, the signal generator 106
may be configured to generate frequency pulses. The
frequency pulses may, for example, be fixed frequency
pulses or variable frequency pulses. In some embodi-
ments, the pulses may comprise low-voltage pulses. In
some embodiments, the signal generator 106 may be
configured to generate a radio frequency (RF) signal.
Thus, in some embodiments where the signal generator
106 is configured to generate frequency pulses, the puls-
es may comprise radiofrequency pulses.
[0030] As illustrated in Fig. 1, in some embodiments,
the system 100 may further comprise an amplifier 110
(such as a radiofrequency amplifier). In some embodi-
ments, the amplifier 110 may amplify the voltage output
by the signal generator 106. As illustrated in Fig. 1, in
some embodiments, the system 100 may further com-
prise a conductance measurement system (such as an
impedance measurement system) 112. The conduct-
ance measurement system 112 may, for example, meas-
ure the voltage across the at least two electrodes 108.
When the at least two electrodes 108 are in contact with
skin (e.g. when the system is in use), the conductance
measurement system 112 may measure the current flow-
ing through the circuit formed by the at least two elec-
trodes 108 of the system 100 and the skin. The conduc-
tivity measurement system 112 can be configured to
measure the conductivity between the electrodes from
the measured current. A person skilled in the art will be
aware of the manner in which conductivity can be derived
from a measured current.

[0031] In some embodiments, the system 100 may be
implemented mechanically, for example, the conductivity
measured between the electrodes may be displayed on
an analogue display. Such an analogue display may be
calibrated (e.g. the scale may be shifted or scaled) such
that the analogue display displays water or lipid level.
[0032] In other embodiments, as shown in Fig. 1, the
system 100 may further comprise a processor 102. The
processor 102 may, for example, be configured to control
the signal generator 106 to generate an electrical signal
at the frequency across the at least two electrodes 108.
For example, the processor 102 may be suitable for con-
trolling the signal generator 106 to generate pulses of a
desired frequency, voltage and/or pulse duration. In
some embodiments, the conductance measurement sys-
tem 112 may be controlled by the processor 102. Alter-
natively or in addition, in some embodiments, the output
of the conductance measurement system 112 may be
sent to the processor 102 for subsequent processing
and/or output (e.g. display to a user).
[0033] Generally, in embodiments where the system
100 comprises a processor 102, the processor 102 may
control the operation of the system 100 to implement the
method described herein. The processor 102 can be im-
plemented in numerous ways, with software and/or hard-
ware, to perform the various functions described herein.
In particular implementations, the processor 102 can
comprise a plurality of software and/or hardware mod-
ules, each configured to perform, or that are for perform-
ing, individual or multiple steps of the method described
herein. The processor 102 can comprise one or more
processors (such as one or more microprocessors, one
or more multi-core processors and/or one or more digital
signal processors (DSPs)), one or more processing units
and/or modules, and/or one or more controllers (such as
one or more microcontrollers) that may be configured or
programmed (e.g. using software or computer program
code) to control or operate the system 100 in the manner
described herein.
[0034] In some implementations, for example, the
processor 102 may comprise a plurality of (for example,
interoperated) processors, processing units and/or mod-
ules, multi-core processors and/or controllers configured
for distributed processing. It will be appreciated by a per-
son skilled in the art that such processors, processing
units and/or modules, multi-core processors and/or con-
trollers may be located in different locations and may
perform different steps and/or different parts of a single
step of the method described herein. The processor 102
may be implemented as a combination of dedicated hard-
ware (e.g. amplifiers, pre-amplifiers, analog-to-digital
convertors (ADCs) and/or digital-to-analog convertors
(DACs)) to perform some functions and a processor (e.g.
one or more programmed microprocessors, controllers,
DSPs and associated circuitry) to perform other func-
tions.
[0035] As illustrated in Fig. 1, in some embodiments,
the system 100 can comprise a memory 104. The mem-
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ory 104 may comprise instruction data representing a set
of instructions. For example, the memory 104 may be
configured to store the instruction data in the form of pro-
gram code that can be executed by the processor 102
to cause the system 100 to operate in the manner de-
scribed herein. In some implementations, the instruction
data can comprise a plurality of software and/or hardware
modules that are each configured to perform, or are for
performing, individual or multiple steps of the method de-
scribed herein. In some embodiments, the memory 104
may be part of a device that also comprises one or more
other components of the system 100 (for example, the
processor 102 and/or one or more other components of
the system 100). In alternative embodiments, the mem-
ory 104 may be part of a separate device to the other
components of the system 100.
[0036] In some embodiments, the memory 104 may
comprise a plurality of sub-memories, each sub-memory
being capable of storing a piece of instruction data. In
some embodiments where the memory 104 comprises
a plurality of sub-memories, instruction data representing
the set of instructions may be stored at a single sub-
memory. In other embodiments where the memory 104
comprises a plurality of sub-memories, instruction data
representing the set of instructions may be stored at mul-
tiple sub-memories. For example, at least one sub-mem-
ory may store instruction data representing at least one
instruction of the set of instructions, while at least one
other sub-memory may store instruction data represent-
ing at least one other instruction of the set of instructions.
Thus, according to some embodiments, the instruction
data representing different instructions may be stored at
one or more different locations in the system 100. In some
embodiments, the memory 104 may be used to store
information, data, signals (e.g. conductivity signals) and
measurements (e.g. conductivity measurements) ac-
quired or made by the system 100, such as the processor
of the system 100 or any other components of the system
100.
[0037] The memory may comprise any type of non-
transitory machine-readable medium, such as cache or
system memory including volatile and non-volatile com-
puter memory such as random access memory (RAM),
static RAM (SRAM), dynamic RAM (DRAM), read-only
memory (ROM), programmable ROM (PROM), erasable
PROM (EPROM), and electrically erasable PROM (EEP-
ROM).
[0038] The processor 102 of the system 100 can be
configured to communicate with the memory 104 to ex-
ecute the set of instructions. The set of instructions, when
executed by the processor 102 may cause the processor
102 to perform the method described herein.
[0039] Returning again to Fig. 1, in some embodi-
ments, the system 100 may comprise at least one user
interface 114. In some embodiments, the user interface
114 may be part of a device that also comprises one or
more other components of the system 100 (for example,
the processor 102, the memory 104 and/or one or more

other components of the system 100). In alternative em-
bodiments, the user interface 114 may be part of a sep-
arate device to the other components of the system 100.
[0040] A user interface 114 may be for use in providing
a user of the system 100 (for example, a medical profes-
sional, a dermatologist, a user in a home setting, or any
other user of the system 100) with information resulting
from the method according to embodiments herein. The
set of instructions, when executed by the processor 102
may cause the processor 102 to control one or more user
interfaces 114 to provide information resulting from the
method according to embodiments herein. For example,
according to some embodiments, the user interface 114
may be configured to render (for example, provide, output
or display) the water or lipid level of skin determined by
the system 100. Alternatively or in addition, a user inter-
face 114 may be configured to receive a user input. In
other words, a user interface 114 may allow a user of the
system 100 to manually enter instructions, data, or infor-
mation. The set of instructions, when executed by the
processor 102 may cause processor 102 to acquire the
user input from one or more user interfaces 114.
[0041] A user interface 114 may be any user interface
that enables rendering (or output or display) of informa-
tion, data or signals to a user of the system 100. Alter-
natively or in addition, a user interface 114 may be any
user interface that enables a user of the system 100 to
provide a user input, interact with and/or control the sys-
tem 100. For example, the user interface 114 may com-
prise one or more switches, one or more buttons, a key-
pad, a keyboard, a mouse, a mouse wheel, a touch
screen or an application (for example, on a tablet or
smartphone), a display screen, a graphical user interface
(GUI) or other visual rendering component, one or more
speakers, one or more microphones or any other audio
component, one or more lights, a component for provid-
ing tactile feedback (e.g. a vibration function), or any oth-
er user interface, or combination of user interfaces.
[0042] It will be appreciated that Fig. 1 only shows the
components required to illustrate this aspect of the dis-
closure and, in a practical implementation, the system
100 may comprise additional components to those
shown. For example, the system 100 may comprise a
battery or other power supply for powering the system
100 or means for connecting the system 100 to a mains
power supply. The system 100 may further comprise a
communications interface (or circuitry) for enabling the
system 100 (or components of the system 100) to com-
municate with components, interfaces, memories and/or
devices that are part of the system 100 or that at external
to (i.e. separate from or remote to) the system 100. Such
a communications interface may communicate with any
components, interfaces, memories and devices wireless-
ly, via a wired connection, or via any other communication
(or data transfer) mechanism. In some wireless embod-
iments, the communications interface may, for example,
use radiofrequency (RF), Bluetooth, or any other wireless
communication technologies, for communications.
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[0043] As described briefly above, the system 100 is
configured to measure a conductivity between the at least
two electrodes 112 and determine a water or lipid level
of skin based on the measured conductivity and the fre-
quency of the electrical signal.
[0044] In some embodiments, the signal generator 106
may be configured to generate an electrical signal at a
first frequency and an electrical signal at a second fre-
quency and the system 100 may be configured to meas-
ure a water level when the generated electrical signal is
at the first frequency and a lipid level when the generated
electrical signal is at the second frequency.
[0045] Thus, the value of the frequencies used to make
the determination may depend on whether the system is
to determine a water or lipid level. As noted above, it has
been observed experimentally by the inventors herein
that the conductivity of skin is dependent on both the lipid
and water content of the skin.
[0046] Fig. 2 shows a plot of conductivity with respect
to (or versus or as a function of) frequency for breast
tissue 202 (e.g. tissue high in lipids), wet skin 204 and
dry skin 206 respectively. From Fig. 2, various ratios of
conductivity may be determined that may be used to as-
certain the frequency ranges (e.g. frequency bands) most
sensitive to (and thus most suitable for measuring) water
and lipid levels with improved sensitivity.
[0047] Fig. 3 shows ratios of conductivities at different
frequencies. The ratio of the conductivity of wet skin to
lipid level is shown by line 302, the ratio of wet skin to
dry skin is shown by line 304, and the ratio of dry skin to
lipid level is shown by line 306. Four frequency ranges
f1-f4 may then be defined, each frequency range being
more sensitive to (e.g. the value of a conductivity meas-
urement made in said range being more heavily depend-
ent on) either water level or lipid level. Put another way,
in these ranges, the contrast between lipid and water
level may be optimal for measuring a particular one of
water and lipid level. Example frequency ranges suitable
for measuring water and lipid levels of the skin are sum-
marized in the table shown in Fig. 4.
[0048] Therefore, in some embodiments, the frequen-
cy of the electrical signal generated by the signal gener-
ator 106 may determine whether the measured conduc-
tivity is indicative of the water or lipid level of skin.
[0049] In some embodiments, the signal generator 106
can be configured to generate an electrical signal at a
first frequency in a first frequency range and the system
100 may be configured to determine a water level of skin
based on the measured conductivity when the frequency
of the signal is the first frequency. In some embodiments,
the first frequency range may comprise frequencies in
which the contrast between the conductivities of wet skin
and dry skin is sufficiently high so that measured skin
conductivity is sensitive to the water level (or the amount
of water). In some embodiments, the first frequency
range may comprise frequencies in which the contrast
between the conductivities of lipids and wet or dry skin
is lower so that the skin conductivity is less sensitive to

the lipid level (or the amount of lipids). As such, in some
embodiments, the conductivity is influenced to a greater
extent by water than lipid when the frequency of the signal
is the first frequency. In this way, the value of the con-
ductivity at the first frequency depends more on (e.g. is
more highly dependent on) water content of the skin and
thus, the conductivity at the first frequency (or within the
first frequency range) may be more accurately used to
measure water content than at other frequencies (or fre-
quency ranges).
[0050] In some embodiments, the first frequency range
may be a frequency range from 10 kHz to 100 kHz, for
example a frequency range from 20 kHz to 90 kHz, for
example a frequency range from 30 kHz to 80 kHz, for
example a frequency range from 40 kHz to 70 kHz, for
example a frequency range from 50 kHz to 60 kHz. In
some embodiments, for example, the first frequency may
be a frequency selected from 10 kHz, 20 kHz, 30 kHz,
40 kHz, 50 kHz, 60 kHz, 70 kHz, 80 kHz, and 90 kHz. In
other embodiments, the first frequency range may be a
frequency range from 0.8 MHz to 5 MHz, for example a
frequency range from 1.4 MHz to 4.4 MHz, for example
a frequency range from 2 MHz to 3.8 MHz, for example
a frequency range from 2.6 MHz to 3.2 MHz. In some
embodiments, for example, the first frequency may be a
frequency selected from 1 MHz, 2 MHz, 3 MHz, 4 MHz
and 5 MHz. In other embodiments, the first frequency
range may be a frequency range from 500 kHz to 1MHz,
for example a frequency range from 500 kHz to 0.9MHz,
for example a frequency range from 500 kHz to 0.8MHz.
[0051] Generally, the conductivity measured when the
frequency of the electrical signal generated by the signal
generator 106 is the first frequency may be used to de-
termine the water level of skin using a relationship be-
tween conductivity and water level (e.g. water content).
In some embodiments, such a relationship between con-
ductivity and water level may comprise an empirical re-
lationship. In general, the conductivity measured by the
signal generator 106 may be converted to a water level
using a calibration curve or table. Such empirical rela-
tionships, calibration curves and/or tables may be de-
rived by comparing measured skin conductivity to water
level. For example, by comparing measured conductivity
levels with water level measured using a Confocal Ram-
an micro-spectrometer. In some embodiments, the em-
pirical relationships, calibration curves and/or tables may
be stored in the memory 104 of the system 100.
[0052] In some embodiments, the signal generator 106
can be configured to generate an electrical signal at a
second frequency in a second frequency range and the
system 100 may be configured to determine a lipid level
of skin based on the measured conductivity when the
frequency of the signal is the second frequency.
[0053] In some embodiments, the second frequency
range may comprise frequencies in which the contrast
between the conductivities of wet skin and dry skin is
sufficiently low so that the skin conductivity is less sen-
sitive to the water level (or the amount of water). In some
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embodiments, the second frequency range may com-
prise frequencies in which the contrast between the con-
ductivities of lipids and wet or dry skin is higher so that
the skin conductivity is more sensitive to the lipid level
(or the amount of lipids). As such, in some embodiments,
the conductivity is influenced to a greater extent by lipid
than water when the frequency of the signal is the second
frequency. In this way the value of the conductivity at the
second frequency depends more on (e.g. is more highly
dependent on) lipid content of the skin and thus, the con-
ductivity at the second frequency (or within the second
frequency range) may be more accurately used to meas-
ure lipid content than other frequencies (or frequency
ranges).
[0054] In some embodiments, the second frequency
range may be a frequency range from 10 Hz to 500 Hz,
for example a frequency range from 50 Hz to 500 Hz, for
example a frequency range from 100 Hz to 450 Hz, for
example a frequency range from 150 Hz to 400 Hz, for
example a frequency range from 200 Hz to 350 Hz, for
example a frequency range from 250 Hz to 300 Hz. In
some embodiments, for example, the first frequency may
be a frequency selected from 50 Hz, 100 Hz, 150 Hz,
200 Hz, 250 Hz, 300 Hz, 350 Hz, 400 Hz, 450 Hz and
500 Hz. In other embodiments, the second frequency
range may be a frequency range from 10 MHz to 100
MHz, for example a frequency range from 20 MHz to 90
MHz, for example a frequency range from 30 MHz to 80
MHz, for example a frequency range from 40 MHz to 70
MHz, for example a frequency range of 50 MHz to 60
MHz. In some embodiments, for example, the second
frequency may be a frequency selected from 10 MHz, 20
MHz, 30 MHz, 40 MHz, 50 MHz, 60 MHz, 70 MHz, 80
MHz, 90 MHz, and 100 MHz.
[0055] Generally, the conductivity measured when the
electrical frequency of the signal generated by the signal
generator 106 is the second frequency may be used to
determine the lipid level of skin using a relationship be-
tween conductivity and lipid level (e.g. lipid or sebum con-
tent). In some embodiments, such a relationship between
conductivity and lipid level may comprise an empirical
relationship. In general, the conductivity measured by
the signal generator 106 may be converted to a lipid level
using a calibration curve or table. Such empirical rela-
tionships, calibration curves and/or tables may be de-
rived by comparing measured skin conductivity to lipid
level. For example, by comparing measured conductivity
levels with lipid level measured using a Confocal Raman
micro-spectrometer. In some embodiments, the empiri-
cal relationships, calibration curves and/or tables may be
stored in the memory 104 of the system 100.
[0056] The second frequency range referred to herein
is different to the first frequency range (or the first fre-
quency is different to the second frequency). In this way,
the system 100 can use different frequencies for deter-
mining a water level of skin to those used for determining
a lipid level of skin, with the conductivity of skin being
more highly dependent on (or more influenced by) the

water level or lipid level at the first and second frequen-
cies respectively, resulting in more accurate determina-
tions of water and lipid level of the skin. For example, the
frequency ranges shown in Fig. 4 are chosen (or select-
ed) so that one of the components (e.g. lipid or water
level) can be determined with less confounding influence
of the other component.
[0057] In some embodiments, the system 100 may be
configured to measure the conductivity at a single fre-
quency to acquire a single conductivity measurement. In
these embodiments, the single conductivity measure-
ment may be used to determine the water or lipid level
of skin. For example, the conductivity measurement may
be used to determine the water level of skin when the
frequency of the generated electrical signal is the first
frequency or the lipid level of skin when the frequency of
the generated electrical signal is the second frequency.
In other embodiments, the system 100 can be configured
to measure the conductivity at a plurality of frequencies
to acquire a plurality of conductivity measurements. In
these embodiments, the plurality of conductivity meas-
urements may be used to determine the water or lipid
level of the skin. For example, a plurality of conductivity
measurements acquired when the frequencies of the
generated electrical signal are in the first frequency range
may be used to determine the water level of the skin and
a plurality of conductivity measurements acquired when
the frequencies of the generated electrical signal are in
the second frequency range may be used to determine
the lipid level of the skin.
[0058] In some embodiments where a plurality of con-
ductivity measurements are acquired, the system 100
may be configured to determine a water or lipid level of
skin by determining an average water or lipid level of skin
from the plurality of conductivity measurements. For ex-
ample, each conductivity measurement of the plurality of
conductivity measurements may be used to determine a
water level or lipid level of the skin (for example, depend-
ing on whether the frequency of the generated electrical
signal is in the first frequency range or the second fre-
quency range, as described above). An average of the
determined water and/or lipid levels may then be deter-
mined.
[0059] In some embodiments, a determined lipid level
may be used to correct a determined water level. Simi-
larly, in some embodiments, a determined water level
may be used to correct a determined lipid level. For ex-
ample, if it is known that at a particular frequency, lipids
contribute to a certain percentage of the value of the
measured skin conductivity, and the lipid level is known,
then this may be used to determine the amount of the
conductivity that can be attributed to water level of the
skin (or vice versa).
[0060] In some embodiments, the system 100 may be
configured to compare the measured conductivity to one
or more predefined profiles describing the manner in
which skin conductivity varies with frequency, and deter-
mine a water or lipid level of skin based on the comparison
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of the measured conductivity and the frequency of the
radio frequency signal.
[0061] Examples of predefined profiles are those
shown in Fig. 2. Fig. 2 illustrates the manner in which
skin conductivity changes with respect to frequency for
different skin characteristics (e.g. high lipid content, high
water content and low water content). The skilled person
will appreciate that Fig. 2 merely shows example profiles
and that the measured conductivity levels may be com-
pared to a range of profiles, for example, profiles repre-
senting different levels (e.g. different combinations of lev-
els) of water and lipid.
[0062] In some embodiments, comparing the meas-
ured conductivity (e.g. the plurality of conductivity levels)
to one or more predefined profiles can comprise com-
paring the distribution of conductivity levels to a shape
associated with a predetermined profile. For example,
the magnitude, slope or first or second derivative of the
conductivity measurements may be determined and
compared to one or more predetermined profiles to iden-
tify whether the conductivity measurements are consist-
ent with the magnitude, slope or first or second derivative
of the predetermined profile.
[0063] In some embodiments, the water and/or lipid
level of the skin may be determined from a best-fitting
predetermined profile (e.g. a profile that represents the
best-fit to the plurality of conductivity measurements).
The skilled person will be familiar with ways to determine
a best fitting profile for a plurality of measurements, e.g.
such as the least-squares fitting method. In this way, a
plurality of conductivity measurements may be fit to a
known profile to more accurately determine the water
and/or lipid level of the skin.
[0064] In any of the embodiments described herein,
the system 100 may be further configured to determine
a skin condition based on the determined water or lipid
level. Fig. 5 shows how the lipid level (e.g. oiliness) and
water level (e.g. hydration level) may be used to charac-
terize the skin into one of several types. For example,
dry skin 502 is associated with low lipid and low moisture,
dry-oily skin 504 with low hydration and high lipid level,
normal skin 506 with medium levels of both water and
lipid, hydrated oily skin 508 with high lipid level and high
levels of water and hydrated skin 510 with high levels of
water and low levels of oiliness. In some embodiments,
the system 100 may determine a skin condition based
on where a determined combination of water and lipid
falls on a chart (or in a parameter space) such as that
shown in Fig. 5.
[0065] Turning to Fig. 6, different combinations of wa-
ter and lipid levels may further be associated with differ-
ent skin conditions (e.g. dermatological conditions) ac-
cording to some embodiments. Skin conditions such as
atopic dermatitis show a drop in skin hydration level re-
flecting a drop of water holding capacity of the skin, in-
creased transepidermal water loss (TEWL) and defects
in barrier function. The same symptoms are seen in in-
dividuals suffering from psoriasis 606, eczema 614 and

ichthyosis vulgaris 604. Nevertheless, these mentioned
disorders show peculiar skin conditions with respect to
the balance between hydration and oiliness. Eczema 614
leads to minor water loss (few percent) combined with
noticeable lipid drop (-25%), whereas psoriasis 606
shows a dramatic decrease in hydration (∼70%) and lipid
(-40-70%) levels. Ichthyosis vulgaris 604 shows a de-
crease of hydration level (∼63%) while the level of super-
ficial skin lipids does not vary significantly (∼615%). Skin
health is associated with the stability of the functioning
of the skin barrier, which depends on the continuity of
the skin’s superficial lipids structure. Other skin condi-
tions indicated in Fig. 6 include Seborrhea 602, acne vul-
garis 612, contact dermatitis 608 and a drug eruption
(e.g. allergy) 610.
[0066] Lipid phase behavior in the stratum corneum is
considered to be crucial for the skin barrier function be-
cause skin superficial lipids have been found to serve as
a water modulator in the stratum corneum. Thus, by de-
termining the water and/or lipid level of skin in this way,
it is possible for the system 100 to determine the condition
of the skin and this can be used as an indicator of overall
skin health. In some embodiments, the determined skin
condition may be rendered (or provided, output or dis-
played) on a user interface.
[0067] In some embodiments, further to determining a
skin condition based on the water or lipid level, the system
100 may be further configured to determine a recommen-
dation for a skin treatment based on the determined skin
condition. For example, if the system 100 determines that
the water and/or lipid level is consistent with a skin con-
dition (e.g. eczema), then the system 100 may recom-
mend (or suggest) a topical cream, ointment or other
treatment to improve the skin condition. In some embod-
iments, the determined recommendation may be ren-
dered (or provided, output or displayed) on a user inter-
face.
[0068] In some embodiments, the system 100 may be
connected to a memory (e.g. a data storage device a
database or server). For example, the connection may
be a wired or wireless connection. In some of these em-
bodiments, after having determined a skin condition
and/or determined a recommendation for a skin treat-
ment, the system 100 may be configured to send such
determinations to the memory. In some embodiments,
the system 100 may be configured to determine the lipid
and/or water level of the skin at periodic intervals. In some
of these embodiments, the system 100 may be config-
ured to store the results at the memory. In this way, the
system 100 may track a skin condition and/or determine
improvement or change over time. The system 100 de-
scribed herein can therefore quantitatively measure skin
condition before and after treatment according to some
embodiments, by taking into account the variation in skin
hydration and lipid levels at different locations and also
under different climatic variations.
[0069] The system 100 can provide a non-contact,
portable, low cost and fast solution that has the capability
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to measure both lipid level and water level of skin. Thus,
the system 100 has a dual modality. Furthermore, the
storage of measured data can enable monitoring and
control of a skin condition over time.
[0070] Turning now to Fig. 7, there is also provided a
method 700 of operating a system 100 to determine a
water or lipid level of skin. The system 100 is as described
earlier. In particular, the system 100 comprises at least
two electrodes 108 suitable for contacting skin and a sig-
nal generator 106 configured to generate an electrical
signal across the at least two electrodes 108 at a fre-
quency. At block 702, the method 700 comprises meas-
uring a conductivity between the at least two electrodes
108. At block 704, the method 700 comprises determin-
ing a water or lipid level of skin based on the measured
conductivity and the frequency of the electrical signal.
Such steps were described as being performed by the
system 100 and the details above will be understood to
apply equally to method at blocks 702 and 704 of Fig. 7.
[0071] There is further provided a computer program
product comprising a non-transitory computer readable
medium, the computer readable medium having compu-
ter readable code embodied therein, the computer read-
able code being configured such that, on execution by a
suitable computer or processor, the computer or proces-
sor is caused to perform any of the methods described
herein.
[0072] It will thus be appreciated that the embodiments
described herein also apply to computer programs, par-
ticularly computer programs on or in a carrier, adapted
to put the invention into practice. The program may be
in the form of a source code, an object code, a code
intermediate source and an object code such as in a par-
tially compiled form, or in any other form suitable for use
in the implementation of the method according to em-
bodiments of the invention. It will also be appreciated that
such a program may have many different architectural
designs. For example, a program code implementing the
functionality of the method or system according to the
invention may be sub-divided into one or more sub-rou-
tines. Many different ways of distributing the functionality
among these sub-routines will be apparent to the skilled
person. The sub-routines may be stored together in one
executable file to form a self-contained program. Such
an executable file may comprise computer-executable
instructions, for example, processor instructions and/or
interpreter instructions (e.g. Java interpreter instruc-
tions).
[0073] Alternatively, one or more or all of the sub-rou-
tines may be stored in at least one external library file
and linked with a main program either statically or dy-
namically, e.g. at run-time. The main program contains
at least one call to at least one of the sub-routines. The
sub-routines may also comprise function calls to each
other. An embodiment relating to a computer program
product comprises computer-executable instructions
corresponding to each processing stage of at least one
of the methods set forth herein. These instructions may

be sub-divided into sub-routines and/or stored in one or
more files that may be linked statically or dynamically.
Another embodiment relating to a computer program
product comprises computer-executable instructions
corresponding to each means of at least one of the sys-
tems and/or products set forth herein. These instructions
may be sub-divided into sub-routines and/or stored in
one or more files that may be linked statically or dynam-
ically.
[0074] The carrier of a computer program may be any
entity or device capable of carrying the program. For ex-
ample, the carrier may include a data storage, such as
a ROM, for example, a CD ROM or a semiconductor
ROM, or a magnetic recording medium, for example, a
hard disk. Furthermore, the carrier may be a transmissi-
ble carrier such as an electric or optical signal, which may
be conveyed via electric or optical cable or by radio or
other means. When the program is embodied in such a
signal, the carrier may be constituted by such a cable or
other device or means. Alternatively, the carrier may be
an integrated circuit in which the program is embedded,
the integrated circuit being adapted to perform, or used
in the performance of, the relevant method.
[0075] Variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the principles and techniques described here-
in, from a study of the drawings, the disclosure and the
appended claims. In the claims, the word "comprising"
does not exclude other elements or steps, and the indef-
inite article "a" or "an" does not exclude a plurality. A
single processor or other unit may fulfil the functions of
several items recited in the claims. The mere fact that
certain measures are recited in mutually different de-
pendent claims does not indicate that a combination of
these measures cannot be used to advantage. A com-
puter program may be stored or distributed on a suitable
medium, such as an optical storage medium or a solid-
state medium supplied together with or as part of other
hardware, but may also be distributed in other forms,
such as via the Internet or other wired or wireless tele-
communication systems. Any reference signs in the
claims should not be construed as limiting the scope.

Claims

1. A system (100) for determining a water or lipid level
of skin, the system (100) comprising:

at least two electrodes (108) suitable for con-
tacting skin; and
a signal generator (106) configured to generate
an electrical signal at a frequency across the at
least two electrodes (108), wherein the system
(100) is configured to:

measure a conductivity between the at least
two electrodes (108); and
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determine a water or lipid level of skin based
on the measured conductivity and the fre-
quency of the electrical signal.

2. A system (100) as claimed in claim 1, wherein the
signal generator (106) is configured to generate an
electrical signal at a first frequency in a first frequency
range and the system is configured to determine a
water level of skin based on the measured conduc-
tivity when the frequency of the signal is the first fre-
quency.

3. A system (100) as claimed in claim 2, wherein the
first frequency range is a frequency range from 10
kHz to 100 kHz or a frequency range from 0.8 MHz
to 5 MHz.

4. A system (100) as claimed in claim 2 or 3, wherein
the first frequency is 50 kHz or 1 MHz.

5. A system (100) as claimed in any one of the preced-
ing claims, wherein the signal generator (106) is con-
figured to generate an electrical signal at a second
frequency in a second frequency range and the sys-
tem (100) is configured to determine a lipid level of
skin based on the measured conductivity when the
frequency of the signal is the second frequency.

6. A system (100) as claimed in claim 5 when depend-
ent on claim 2, 3 or 4, wherein the second frequency
range is different to the first frequency range.

7. A system (100) as claimed in claim 5 or 6, wherein
the second frequency range is a frequency range
from 10 Hz to 500Hz or a frequency range from 10
MHz to 100 MHz.

8. A system (100) as claimed in claim 7, wherein the
second frequency is 50 Hz or 50 MHz.

9. A system (100) as claimed in any one of the preced-
ing claims, wherein the system (100) is configured
to measure the conductivity at a plurality of frequen-
cies to acquire a plurality of conductivity measure-
ments.

10. A system (100) as claimed in claim 9, wherein the
system (100) is configured to determine a water or
lipid level of skin by determining an average water
or lipid level of skin from the plurality of conductivity
measurements.

11. A system (100) as claimed in any one of the preced-
ing claims, wherein the system (100) is configured to:

compare the measured conductivity to one or
more predefined profiles describing the manner
in which skin conductivity varies with frequency;

and
determine a water or lipid level of skin based on
the comparison of the measured conductivity
and the frequency of the radio frequency signal.

12. A system (100) as claimed in any one of the preced-
ing claims, wherein the system (100) is further con-
figured to:

determine a skin condition based on the deter-
mined water or lipid level.

13. A system (100) as claimed in claim 12, wherein the
system (100) is further configured to:

determine a recommendation for a skin treat-
ment based on the determined skin condition.

14. A method (700) of operating a system (100) to de-
termine a water or lipid level of skin, the system (100)
comprising at least two electrodes (108) suitable for
contacting skin and a signal generator (106) config-
ured to generate an electrical signal across the at
least two electrodes (108) at a frequency, wherein
the method (700) comprises:

measuring (702) a conductivity between the at
least two electrodes (108); and
determining (704) a water or lipid level of skin
based on the measured conductivity and the fre-
quency of the electrical signal.

15. A computer program product comprising a non-tran-
sitory computer readable medium, the computer
readable medium having computer readable code
embodied therein, the computer readable code be-
ing configured such that, on execution by a suitable
computer or processor, the computer or processor
is caused to perform the method as claimed in claim
14.
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