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WO 2024/251691 PCT/EP2024/065253
METHOD FOR PROVIDING A HAIR PRODUCT

TECHNICAL FIELD

Disclosed are methods, apparatuses, computer elements, hair products or systems for generating formulation control
data for producing or providing a hair product for treating one or more hair condition(s), wherein a hair property is
provided by sensor means and formulation control data for providing or producing a hair product is derived. Further

disclosed are hair products and hair formulations produced based on the generated formulation control data.

TECHNICAL BACKGROUND

Personalized hair treatment is an emerging field including the determination of conditions to be treated or the provid-
ing of treatment according to user’s needs. US2020221854A1 discloses systems including a sensor for determining
an item of hair condition information for a user. EP3668375A1 discloses a system for determining a hair condition.
EP3681335A2 discloses a system with a reservoir that can hold, for example, components of shampoos, condition-
ers, deep conditioners or hair dyes. EP3692490A1 discloses a method for computer-assisted determination of a cos-
metic product. EP3794611A1 discloses a processing unit that determines the surface properties of the hair based on

the optical characteristics or images of hair,

SUMMARY OF THE INVENTION

In one aspect disclosed is a method, in particular a computer-implemented method, for generating formulation control

data for providing or producing a hair product for treating one or more hair condition(s), the method comprising:

- providing a vibration signal measured by a hairbrush including bristles connected to one or more vibration
sensor(s),

- detecting at least one hair property associated with the hair brushed by analyzing the vibration signal,

- generating formulation control data by deriving one or more formulation component(s) from the at least one
detected hair property associated with the hair brushed,

- providing the formulation control data usable to provide or produce the hair product containing the one or

more formulation component(s) to be used e.g. for treating one or more hair condition(s).

In another aspect disclosed is an apparatus for generating formulation control data for providing or producing a hair

product for treating one or more hair condition(s), the method comprising:

- a hairbrush interface configured to provide a vibration signal measured by the hairbrush including bristles con-
nected to one or more vibration sensor(s),

- a detector configured to detect at least one hair property associated with the hair brushed by analyzing the

vibration signal,
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a generator configured to generate formulation control data by deriving one or more formulation component(s)
from the at least one detected hair property associated with the hair brushed,

a control data providing interface configured to provide the formulation control data usable to provide or pro-
duce the hair product containing the one or more formulation component(s) to be used e.g. for treating one or

more hair condition(s).

In another aspect disclosed is a method for monitoring one or more hair condition(s), the apparatus comprising:

providing at least one current vibration signal measured by a hairbrush including bristles connected to one or
more vibration sensor(s) after treatment by the hair product provided based on the formulation control data
generated according to the method(s) or apparatus(es) disclosed herein,

providing at least one historical hair property detected in one or more historical vibration signal(s), wherein at
least one historical vibration signal was used to generate formulation control data according to the method(s)
or apparatus(es) disclosed herein,

detecting at least one current hair property associated the hair brushed from the at least one current vibration
signal,

generating a difference between the at least one current hair property associated with the hair brushed from
the current vibration signal and the at least one historical hair property determined from the one or more his-
torical vibration signal(s),

providing the generated difference for at least one current hair property associated with the hair brushed.

In another aspect disclosed is an apparatus for monitoring one or more hair condition(s), the apparatus comprising:

a hairbrush interface configured to provide at least one current vibration signal measured by a hairbrush in-
cluding bristles connected to one or more vibration sensor(s) after treatment by the hair product provided
based on the formulation control data generated according to the method(s) or apparatus(es) disclosed
herein,

a historical data interface configured to provide at least one historical hair property detected in one or more
historical vibration signal(s), wherein at least one historical vibration signal was used to generate formulation
control data according to the method(s) or apparatus(es) disclosed herein,

a detector configured to detect at least one current hair property associated with the hair brushed from the at
least one current vibration signal,

a generator configured to generate a difference between the at least one current hair property associated with
the hair brushed from the current vibration signal and the at least one historical hair property determined from
the one or more historical vibration signal(s),

an output interface configured to provide the generated difference for at least one current hair property associ-
ated with the hair brushed.

In another aspect disclosed is a method for producing a hair product for treating one or more hair condition(s), the

method comprising:
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- providing formulation control data for producing the hair product as disclosed herein,

producing the hair product according to the formulation control data.

In another aspect disclosed is an apparatus for producing a hair product for treating one or more hair condition(s),

the apparatus comprising:

- a providing interface configured to provide formulation control data for producing the hair product as disclosed
herein,

- a production apparatus configured to produce the hair product according to the formulation control data.

In another aspect disclosed is a system for producing a hair product, the system comprising an apparatus for gener-
ating formulation control data as disclosed herein and an apparatus for producing a hair product for treating hair con-

ditions as disclosed herein, wherein the apparatus may be configured to mix formulation components.

In another aspect disclosed is the use of the formulation control data to produce a hair product for treating one or

more hair condition(s).

In another aspect disclosed is a hair product for treating one or more hair condition(s) provided or produced based on
or by using the formulation control data as generated according to the methods or by the apparatuses or systems

disclosed herein.

In another aspect disclosed is a computer element, such as a computer readable storage medium, a computer pro-
gram or a computer program product, comprising instructions, which when executed by a computing node or a com-
puting system, direct the computing node or computing system to provide ingredients data associated with formula-
tion components to provide or produce the hair product, wherein the ingredients data is used to generate control data

according to the computer-implemented methods or by the apparatuses disclosed herein.

In another aspect disclosed is a system including:

- a computer element, such as a computer readable storage medium, a computer program or a computer pro-
gram product, comprising instructions, which when executed by a computing node or a computing system,
direct the computing hode or computing system to generate formulation control data as disclosed herein
and/or configured to provide ingredients data associated with formulation components usable to provide or
produce the hair product, wherein the ingredients data is used to generate control data according to the com-
puter-implemented methods or the apparatuses disclosed herein, and

- one or more capsule(s) each including one or more formulation component(s) usable to produce the hair prod-
uct based on the ingredients data, wherein the capsule(s) may be configured to be inserted into or placed in

one or more apparatus(es) for producing the hair product.



10

15

20

25

30

35

4
WO 2024/251691 PCT/EP2024/065253

In another aspect disclosed is a computer element, such as a computer readable storage medium, a computer pro-
gram or a computer program product, comprising instructions, which when executed by a computing node or a com-
puting system, direct the computing node or computing system to carry out the steps of the computer-implemented
methods disclosed herein or to provide the formulation control data generated according to the computer-imple-

mented methods disclosed herein.

Any disclosure and embodiments described herein relate to the methods, the apparatuses, the systems, hair prod-
ucts, hair product ingredients, uses and/or the computer elements lined out above and below. Advantageously, the

benefits provided by any of the embodiments and examples equally apply to all other embodiments and examples.

EMBODIMENTS

In the following, embodiments of the present disclosure will be outlined by ways of embodiments and/or example. It is

to be understood that the present disclosure is not limited to said embodiments and/or examples.

Determining, generating includes initiating or causing to determine, generate. Providing includes “initiating or causing
to access, determine, generate, send or receive’. “Initiating or causing to perform an action” includes any processing

signal that triggers a computing node to perform the respective action.

The methods, the systems, apparatuses, hair products, formulation control data and/or the computer elements dis-
closed herein enable personalized hair products tailored to the user's need. In particular, the composition of the hair
product can be derived from hair diagnostics of the smart hairbrush with vibration sensors. This allows to tailor the
hair product itself e.g. by tailoring the active ingredients to be added to a base formulation. For example, the base
formulation or the active ingredients making-up the hair product can be adjusted depending on the hair property. This
way hair can be treated in a more targeted manner. Moreover, the more efficient use of resources potentially com-
bined with the use of natural material results in a positive environmental impact. In particular, the granularity of for-
mulation components for generating control data allows for more tailoring of personalized hair products, if they are
produced in a personalized manner. |n addition to generating control data for pre-set hair product formulations and
applying such pre-set hair product formulations, the generation of control data for producing the hair product based
on formulation components allows for a higher degree of flexibility and scalability with a higher degree of customiza-

tion.

The hair product may include any type of product suitable to treat hair. The hair product may include a care and/or
styling product suitable to treat hair. The hair product for examples includes a shampoo, a conditioner, a deep condi-
tioner, a hair mask, a hair serum, a hair spray, a hair styling product, a hair mist, a hair color product and/or a hair

dye.
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Formulation component(s) may include any ingredient(s) used to produce the hair product or contained in the hair
product. The formulation component may include a base formulation or an active ingredient. The formulation compo-
nents may make up the formulation of the hair product. The formulation component may include a base formulation
to which one or more active ingredient(s) are to be added or are included according to the generated formulation
control data. The base formulation may include one or more formulation ingredients. The formulation component may
include one or more active ingredient(s) to be added to or included in the base formulation according to the formula-
tion control data. The formulation components may relate to different sets of active ingredient(s), which may be com-
prised in the base formulation. The formulation component may relate to at least first active ingredient(s) included in
base formulation. The formulation component may relate to at least second active ingredient(s) included in base for-
mulation. The formulation components may be compatible to be added together according to the formulation control
data. By generating formulation control data for formulation component(s), the flexibility in providing or producing the
personalized hair product can be enhanced. Through generation of the formulation control data, the formulation com-
ponent(s) making up the formulation of the personalized hair product can be adjusted and fine-tuned to the needs of

the user.

The base formulation may include one or more formulation ingredients. The base formulation may refer to an ingredient
combination suitable to be mixed with or including one or more active ingredient(s). The formulation ingredient, formu-
lation component or active ingredient may be any cosmetically acceptable ingredient. These ingredients are known to
the person skilled in the art and can be found in several publications, e. g. in the latest edition of the “International
Cosmetic Ingredient Dictionary and Handbook” published by the Personal Care Products Council. Another well-known
source of cosmetically acceptable ingredients is the cometic ingredient database Coslng. Coslng can be accessed via

the internet pages of the European Commission.

In one embodiment the at least one active ingredient includes at least one of the following active ingredients:

oils such as almond oil or butters like shea butter, alcohols such as cetearyl alcohol, cetyl alcohol, stearyl alcohal,
isopropyl alcohol, benzyl alcohol, alcohol denat or combinations thereof, tensides such as ammonium lauryl sulfate,
sodium lauryl sulfate, sodium laureth sulfate, sodium myreth sulfate, sodium lauryl sulfoacetate, cocamidopropyl be-
taine, disodium cocoamphodiacetate disodium laureth sulfosuccinate, sodium coco sulfate or sodium C14-16 olefin
sulfonate, glucosides such as lauryl glucoside, coco glucoside, decyl glucoside, disodium cocoy! glutamate, laurdi-
monium hydroxypropyl hydrolyzed wheat protein, lauryl glucoside, sodium cocoamphoacetate, sodium cocoyl gluta-
mate, sodium cocoy! hydrolyzed wheat protein glutamate, sodium cocoyl hydrolyzed wheat protein, sodium cocoy!
isethionate, sodium lauryl glucose carboxylate, sodium lauryl glucoside, sodium lauroamphoacetate cocamidopropy!
hydroxysultaine or combinations thereof, active biogenic ingredients, UV light protection filters, insect repellents, anti-
oxidants, film formers, sensory additives, effect pigments, pigments, whitening substances, tyrosine inhibitors (depig-
menting agents), coolants, perfume oils, dyes, emollients, surfactants, emulsifiers, humectants, plant extracts, vita-

mins, peptides and panthenol.
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The active ingredient may refer to an ingredient suitable to treat the hair condition detectable or detected via the vi-
bration signal measured or associated with the hair condition detectable or detected via the vibration signal. The ac-
tive ingredient allows to treat the hair condition and the methods disclosed herein allow for targeted use of active in-
gredients. By providing base formulation and/or active ingredients as formulation components, the hair formulation

can be tailored to user's need.

The sensor may be configured to measure bristle vibrations when brushing the hair. The sensor may be configured
to convert changes the bristles are exposed to into an electrical signal. The vibration sensor may include a sensor
configured for acceleration measurement, such as a piezo-electric, piezo-resistive, resistive andfor conductive sen-
sor. The vibration sensor may include a piezo based vibration sensor. The vibration signal may relate to movement of
the bristles during a stroke. The vibration signal may include at least one segment signified by the start of the stroke
and the end of the stroke. The vibration signal may include a measurement signal suitable to derive one or more hair
properties. The measurement signal may be the signal segment between start and/or end stroke signal signature.
For detecting the hair property, extrema below or above a threshold may be canceled. This may include start and/or
end stroke detection. Start and/or end stroke may be cancelled by modifying the signal aptitude or by removing. Sig-
nal signatures relating to extrema above or below a threshold may be cancelled by modifying the signal aptitude or
by removing. For detecting the hair property, the number of strokes may be determined. The hair property may be
determined from the processed signal after start stroke, end stroke and/or extrema cancellation. The hair property
may be determined from the processed signal by analyzing the processed signal, e.g. by determining a standard de-
viation, inverse derivative score or similar scores signifying the variation of the signal. The hair property may be de-
termined from more than one processed signal by analyzing the processed signals, e.g. by determining a standard
deviation, inverse derivative score or similar score signifying the variation of the signal. The scores may be aggre-

gated for more than one stroke.

The hair property may relate to the condition of the hair detectable via the vibration signal. The hair property may be
derived from the vibrational signal of the hair brushed. The hair property may relate to or include one or more hair
conditions derivable from the vibrational signal of the hair brushed. The hair conditions may be pre-defined. The hair
condition may relate to externally detectable hair conditions, in particular to hair conditions detectable on brushing of
the hair, more particular to hair conditions exposing bristles of the hairbrush to mechanical changes such as acceler-
ation, strain, force changes on brushing of the hair. The hair condition may relate to hair properties. Hair conditions
may include dryness, damage or breakage, fattiness, thickness, thinness, frizziness, dullness, suppleness, softness,
smoothness, shininess or any combinations thereof. Hair properties may include a level of dryness, damage or
breakage, fattiness, thickness, thinness, frizziness, dullness, suppleness, softness, smoothness, shininess or any
combinations thereof. Detecting the hair property may include generating a score related to at least one hair condi-
tion. Detecting the hair property may include generating a score related to a degree or level the at least one hair con-

dition is present for the brushed hair.
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In one embodiment detecting the at least one hair property includes generating a score related to at least one hair
condition. Generating formulation control data may include determining one or more formulation component(s) based
on the hair condition and/or the score. Detecting the hair property may include generating a score related to a degree
or level the at least one hair condition is present. The formulation component(s) may be determined or selected from
ingredients data based on the hair condition and/or the respective score. An amount or a quantity of respective for-
mulation component(s) may be determined based on the score related to the respective hair condition. The amount
or quantity may be a relative or absolute amount provided by the hair product or for producing the hair product. The
amount or quantity may relate to a weight percentage or the relative amount of formulation component. The score
may relate to the degree or level the hair condition is present. For instance, frizzy hair may be assigned a higher
score than smooth hair or hair resulting in higher standard deviation of the vibrational sighal may be result in a higher

score than lower standard deviations.

In one embodiment the hair property includes a score related to the at least one hair condition. The score may be
derivable or derived from the vibrational signal. Generating a score allows for more tailored assessment of the hair
condition. Based on the score the formulation components and/or their respective amount may be determined. By
determining the score, the hair formulation(s) forming the hair product may be further tailored. For monitoring one or
more hair condition(s), the difference between scores associated with the hair condition may be used. The score as-
sociated with the hair condition may be determined from at least one current vibrational signal and at least one histor-
ical vibrational signal. This way a current score and a historical score may be determined. The difference of the cur-
rent and the historical score may indicate an evolvement of the hair condition. This way the effectiveness of the treat-

ment may be tracked e.g. by a user.

In another embodiment generating formulation control data includes determining a difference between at least one
current hair property and at least one historical hair property and determining one or more formulation component(s)
to be used based on the determined difference. Generating formulation control data may include determining a differ-
ence between at least one current hair property and at least one historical hair property and providing the at least
one current hair property, the at least one historical hair property and/or the difference between at least one current
hair property and at least one historical hair property to the user. Generating formulation control data may include
determining a difference between at least one current hair property and at least one historical hair property and de-
termining one or more formulation component(s) based on the determined difference between at least one current
hair property and at least one historical hair property. This way the hair product may be adapted depending on the
effectiveness of the treatment. The at least one current hair property may be detected from the current vibrational
signal as disclosed herein. The at least one historical hair property may be detected from historical vibration signals
as disclosed herein. The current vibration signal may be the vibration captured and processed for the hair brushed.
The historical vibration signal may be a signal retrieved from a data base storing signals of prior hair property detec-
tions for hair brushed, preferably including control data generations. Monitoring allows for more targeted treatment

over time.
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In another embodiment detecting the at least one hair property includes at least one personalized calibration parame-
ter or user-specific calibration parameter. The personalized or user-specific calibration parameter may be determined
for the hair brushed from at least one calibration stroke. The determination of the personalized or user-specific cali-
bration parameter may be based on further sensors of the hairbrush such as velocity or rotation sensor. The calibra-
tion stroke may include determining stroke properties, such as stroke velocity or stroke angel e.g. as determined by
further sensors integrated into the hairbrush. The stroke properties may be mapped to the personalized calibration
parameter for detecting the at least one hair property from the vibration signal, e.g. the processed vibration signal.
For example, thresholds for extrema reduction may be adapted, the score type may be adapted, the score levels
may be adapted, or the start-end-stroke detection may be adapted. Via the calibration parameter user-specific brush-
ing characteristics may be taken into account thus enhancing the hair property detection and the control data genera-

tion for treating the brushed hair.

In another embodiment analyzing the vibration signal includes determining one or more signal segment(s) associated
with one or more stroke(s) and determining the at least one hair property from the signal segment(s). The signal seg-
ments may include a stroke start signature, a stroke end signature and/or a stroke measurement segment. By detect-
ing the stroke start signature and stroke end signature the stroke measurement segment and the hair property may
be determined. This way the vibration signal and particular the measurement segment from multiple strokes may be

used to enhance hair property detection.

In another embodiment the formulation component relates to at least one base formulation and/or at least one active
ingredient. The formulation control data may be generated by selecting one or more formulation component(s) in re-
lation to the determined hair property. The formulation control data may be generated by selecting at least one prod-
uct comprising one or more formulation component(s) selected in relation to the determined hair property. The formu-
lation control data may specify at least one formulation of the hair product. The formulation control data may specify
one or more formulation component(s) making up or contained in the formulation of the hair product, particularly at
least one base formulation and/or at least one active ingredient. The formulation control data may specify at least
one quantity, such as an amount of the formulation component. The formulation control data may specify at least one

component of the formulation.

The formulation control data may specify at least one active ingredient of the formulation. The formulation control
data may specify at least one component of the hair formulation. The formulation control data may specify at least
one base formulation of the formulation. The formulation control data may be derived from the hair condition and/or
the score for the respective hair condition. The formulation control data, particularly related to the formulation compo-
nent(s) and/or associated quantities, may be derived from the hair condition and/or the score for the respective hair

condition.
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In another embodiment the formulation control data is usable to produce the hair product containing the one or more
formulation component(s), wherein the one or more formulation component(s) to be used for producing the hair prod-

uct are derived from the at least one hair property.

In another embodiment ingredients data relating to one or more formulation component(s) usable to produce the hair
product and/or respective capsule(s) containing formulation component(s) usable to produce the hair product are
provided. The ingredients data may relate the at least one hair property to respective formulation component(s)
and/or respective capsule(s). The formulation control data may be generated based on the ingredients data by se-

lecting one or more formulation component(s) and/or respective capsule(s) based on the at least one hair property.

In another embodiment ingredients data relates to laboratory measurement data signifying the compatibility of one or
more formulation component(s), wherein the formulation control data is generated based on the ingredients data by
selecting one or more formulation component(s) based on their compatibility. The ingredients data associated with
formulation components usable to produce the hair product may be provided. The ingredients data may relate the at
least one hair property, particularly the hair condition(s) and/or associated scores, to respective formulation compo-
nent(s). The ingredients data may relate to capsule(s) containing formulation component(s) useable, e.g. to be
mixed, to produce the hair product. One capsule type may contain one formulation component. One capsule type
may contain one base formulation. One capsule type may contain one or more active ingredient(s). One capsule type
may contain one or more active ingredient(s) and a base formulation. The ingredients data may relate to different
formulation component(s) or respective capsule type(s) or capsule(s) containing formulation component(s) usable to
produce the hair product. The ingredients data may relate to different formulation component(s) contained in different
capsule(s) or capsule type(s). The ingredients data may relate to laboratory measurement data signifying the com-
patibility of one or more formulation component(s) e.g. contained in different capsules or capsule types. This way the
ingredients data may signify the compatibility of formulation component(s) or capsule(s). The ingredients data may
relate to different formulation component(s) contained in capsules and laboratory measurement data signifying the
compatibility of the different formulation component(s) with each other. Compatibility may relate to the homogeniza-
tion behavior, mixing behavior or application behavior of different formulation component(s) contained in different
capsules, e.g. when combined. Compatibility may relate to the homogenization behavior, mixing behavior or applica-
tion behavior of at least one formulation component contained in one capsule and at least one other formulation com-
ponent contained in another capsule. The formulation control data may be generated based on the ingredients data
by selecting one or more formulation component(s), capsule type(s) or capsule(s) based on the at least one hair
property, such as the hair condition and/or related scores. The formulation control data may be generated based on
the ingredients data by selecting one or more formulation component(s), capsule type(s) or capsule(s) based on their

compatibility and/or hair property, such as hair condition and/or score.

In one embodiment generating formulation control data includes determination of capsules containing different formu-
lation component(s). The formulation control data may be determined from the detected hair property, particularly the

hair condition and/or respective scores, The hair product may be produced from the one or more formulation
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component(s) contained in the capsules. The hair product may be produced from more than one capsule(s), wherein
each capsule contains at least one different formulation component. The hair product may be produced from at least

one capsule containing the base formulation and at least one capsule containing at least one active ingredient.

In another embodiment the hair property is generated by a data driven model, wherein the data-driven model is
trained on a historical dataset including vibration signals, hair properties, scores and/or characteristics of the hair
brushed to provide at least hair properties and/or scores. The hair characteristics may include user data such as
user's age, length of the hair, hair state like virgin or colored, hair type like brown thick hair or blonde thin hair. The
data-driven model may be trained to receive at least a portion of the vibration signal and, in response to receipt of at
least the portion of the vibration signal to output at least one or more hair properties and/or scores associated with
the hair to be brushed. The data-driven model may be trained based on vibration signal including measurement seg-
ment of one or more strokes and associated hair properties and/or scores. The data-driven model may be trained
based on processed vibration signal including measurement segment of one or more strokes and excluding extrema
such as stroke start and end signatures. The historical dataset may include historical vibration signals annotated by
determined hair properties, scores and/or characteristics of the hair brushed. The data-driven model may be trained
based on scores. The historical dataset may include historical scores of vibration signals annotated by determined
hair properties and/or characteristics of the hair brushed. The historical dataset may include historical vibration sig-
nals and/or derived scores collected under lab conditions and/or as determined for other users. Such data may be
annotated by determined hair properties, if applicable scores and/or characteristics of the hair brushed. This way hair
properties determined e.g. under lab conditions or for other users may be made available to the hair property detec-

tion allowing for more reliable hair property detection and more nuanced control data generation.

In another embodiment the formulation control data is generated by a data driven model, wherein the data-driven
model is trained on a historical dataset including vibration signals, hair properties, scores, characteristics of the hair
brushed and/or formulation component(s) to be used to provide at least formulations component(s). The historical
dataset may additionally or alternatively include differences signifying treatment effectiveness. The data-driven model
may be trained to receive at least a portion of the vibration signal and, in response to receipt of at least the portion of
the vibration signal to output at least formulation component(s) to be used for the hair brushed. The data-driven
model may be trained to receive at least a portion of the vibration signal, characteristics of the hair brushed and/or
differences determined for treatment effectiveness, and, in response to receipt of at least the portion of the vibration
signal, characteristics of the hair brushed and/or differences determined for treatment effectiveness to output one or
more formulation component(s) to be used for treatment of the hair brushed. The data-driven model may be trained
based on vibration signals including measurement segment of one or more strokes and associated hair properties
and/or scores. The historical dataset may include historical vibration signals annotated by determined hair properties,
scores, characteristics of the hair brushed, formulation component(s) to be used and/or differences determined for

treatment effectiveness. By including historical formulation component determinations and differences signifying
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treatment effectiveness in combination with measurement, the hair property detection and formulation control data

generation can be enhanced.

In another embodiment the formulation component relates to a base formulation and/or an active ingredient. At least
one base formulation and at least one active ingredient or at least first active ingredient(s) and second active ingredi-
ent(s) to be used for providing or producing the hair product may be derived from the at least one hair property asso-
ciated with the brushed hair. A combination of at least one base formulation and one or more active ingredient(s) to

be used for providing or producing the hair product or of at least first active ingredient(s) and second active ingredi-

ent(s) to be used for providing or producing the hair product may be derived from the at least one hair property, such
as the hair condition and/or score. At least one base formulation and/or at least one active ingredient may be derived
from the at least one hair property associated with the hair brushed. Depending on at least one active ingredient de-

rived from the at least one hair property at least one base formulation may be selected.

In further embodiments the generation of formulation control data may include providing data related to the user and
deriving/generating formulation control data based on data related to the user, such as hair characteristics including
hair length, hair state like virgin or colored, and/or hair type like brown thick hair or blonde thin hair, location, time or
user specific data. Data related to the user may include weather data or sun exposure data associated with the
user’s location, pollution exposure data associated with the user’s location, the user's age, the user’s treatment plan
or combinations thereof. Sun exposure or weather data may be used for the generation of formulation control data,
e.g. UV filters may be selected as active ingredient. Pollution exposure data may be used for the generation of for-
mulation control data, e.g. polymers shielding the hair, such as natural cationic proteins or antioxidants, may be se-
lected as active ingredient. The user's age may be used for the generation of formulation control data e.g. active in-
gredients suitable to treat hair for the specific age may be selected as active ingredient. The user’s treatment plan
may be derived from historic monitoring of the user’s hair condition. The effectiveness of the treatment may be deter-
mined from such monitoring data and used for generating formulation control data, e.g. an active ingredient is
changed based on the monitoring signifying the ineffectiveness of the prior used active ingredient. The user’s treat-
ment plan may be derived from the time the vibration signal is captured or the formulation control data is generated
and used for generating formulation control data, e.g. at day time UV filters may be selected as active ingredient or at
night time oils may be selected as base formulation. Hair characteristics including user's age, hair length, hair state,
and/or hair type may be used for the generation of formulation control data, e.g. by including data related to the user

into the formulation component selection, e.g. by the ingredients data.

The formulation control data may specify the active ingredient(s) associated with the hair property, such as the hair
condition and/or the score related to the respective hair condition. The formulation data may specify the quantity of
active ingredient(s) associated with the hair property, such as the hair condition and the score. The quantity of active

ingredient may relate to the weight percentage of active ingredient or the relative amount of active ingredient. The



10

15

20

25

30

35

12
WO 2024/251691 PCT/EP2024/065253

formulation data, particularly the active ingredient(s) and associated quantities, may be derived from the hair prop-
erty, such as the hair condition and the score. The active ingredients may be pre-defined. The ingredients data may
specify one or more active ingredients per hair property, such as hair condition and/or score. For generation of the
formulation control data, one or more active ingredient(s) may be selected from ingredients data based on the hair
property, such as hair condition and/or score. The ingredients data may specify one or more base formulation(s) per
hair property, such as hair condition and/or score, per active ingredient. For generation of the formulation control
data, one or more base formulation(s) may be selected from ingredients data based on the hair property, such as

hair condition and/or score, the sub-area and/or the active ingredient(s).

The formulation control data may specify the base formulation ingredient(s) associated with the hair property, such
as the hair condition and the score. The formulation control data may specify the quantity of ingredient(s) for the base
formulation associated with the hair property, such as the hair condition and/or the score. The formulation control
data, particularly the ingredient(s) for the base formulation and associated quantities, may be derived from the hair

property, such as the hair condition and the score.

In another embodiment the production of the hair product includes mixing the formulation components specified via
the formulation control data. For mixing, the formulation control data may specify at least two capsules with different
formulation components, such as a first capsule containing the base formulation and at least one second capsule
containing active ingredient(s) or such as a first capsule containing first active ingredient(s) and at least one second
capsule containing at least second active ingredient(s). The at least two capsules with different formulation compo-
nents may be provided to a mixing unit. The content of the capsules may be mixed to provide the hair product, such
as a shampoo or conditioner containing active ingredients. The mixing device may include at least one dosing nozzle
for releasing at least one base formulation and/or at least one active ingredient. The mixing device may include a

mixing unit for mixing at least one base formulation and at least one active ingredient.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the present disclosure is further described with reference to the enclosed figures:

Fig. 1 illustrates schematically an example system for measuring hair property by way of a hairbrush

through brushing the hair of a subject,

Fig. 2 illustrates schematically an example of processing vibration signals.

Figs. 3ato 5¢ show experimental results of determining a hair property utilizing the system for assessing hair

property.
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Fig. 6 illustrates schematically an example of a flow chart for detecting at least one hair property from

the vibrational signal and generating formulation control data.

Fig. 7 illustrates schematically an example of a mixing device for mixing a hair product to be applied to
the brushed hair.

Fig. 1 illustrates schematically an example system 100 for measuring hair property by way of a hairbrush through

brushing the hair of a subject.

The system 100 comprises a hairbrush 110 for brushing hair of a subject and an apparatus 120 for assessing the

hair property of the hair being brushed. The apparatus 120 may be in communicative contact to or integrated as part
of a hardware and/or software into a computational user device 130, like a smartphone. The apparatus 120 may be a
standalone device specifically usable for determining the hair property. The apparatus 120 may be integrated into the

hairbrush 110, for instance, into a handle of the hairbrush 110.

The hairbrush 110 may include any brush comprising a hairbrush body 115 and a plurality of bristles 111 attached to
the hairbrush body 115. The bristles 111 may be attached to a flexible part 116 of the hairbrush body 111 or may be
directly attached to the hairbrush 110. The bristles 111 may include metal or synthetic bristles attached to the hair-
brush body 111. For example, in the embodiment shown in Fig. 1 the bristies 111 are attached via a bristle support

structure, here realized as a flexible part 116, e.g. flexible membrane, to the main body 115 of the hair-brush 110.

The hairbrush 110 may comprise one or more vibration sensors 112 integrated into the hairbrush 110. In the exam-
ple shown in Fig. 1, two vibration sensors 112 are integrated into the hairbrush 110. Different configurations may be
realized such as one sensor may be integrated into the hairbrush 110 or more than two sensors may be integrated
into the hairbrush 110. The vibration sensors 112 may be integrated into the hairbrush 110 by attaching the vibration
sensors to one or more bristle(s) 111 of the hairbrush 110. An adhesive 113 for adhering the vibration sensors 112 to
the bristles 111, in particular a silicone-based adhesive, may be utilized. However, also other methods for adhering
or attaching the vibration sensors to one or more of the bristles 111 can be utilized that allow the vibration sensors

112 to measure the vibrations of the bristles 111.

In the example shown in Fig. 1, the utilized adhesive 113 allows a vibration sensor 112 to measure the vibrations of
one or more bristle(s) 111, in particular, more than one bristle 111 connected to the vibration sensor 112 via the ad-
hesive 113. The vibration sensor 112 may be associated with one or more bristle(s) 111. Integrating the one or more
vibration sensors 112 such that each vibration sensor 112 can measure the vibrations of one bristle 111 allows for a
suitable accuracy for determining a hair property. Arranging the vibration sensor 112 such that it can measure the
vibrations of more than one bristle(s) 111 allows to measure a more accurate vibration signal and allows to reduce

exceptional outliers and other abnormalities in the vibration measurement signal.
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The vibration sensors 112 may include any kind of sensor that allows to measure vibrations of the bristles 111, e.g.
that allows to provide a measurement signal that is indicative of the back-and-forth movements of the bristles 111
during a brushing stroke through the hair of a subject. The vibration sensors 112 may include acceleration sensors
that measure an acceleration in the vibration movement of the bristles 111. The vibration sensors 112 may include
velocity sensors that measure a velocity of the bristles 111 during the brushing of the hair or position sensors that
measure a position or a change in position of the bristles 111. The hairbrush 110 may further comprise a velocity
sensor 117 and/or a rotation sensor 118. The velocity sensor 117 may be integrated into the hairbrush 110 such that
it can measure an overall velocity of the hairbrush 110 during the brushing. The rotation sensor 118 may be inte-
grated into the hairbrush 110 such that it can measure an overall rotation, such as a degree of rotation of the hair-
brush 110. The sensors mentioned above, such as the vibration sensors 112, the velocity sensor 117 and the rota-
tion sensor 118, can be adapted to either measure an absolute value of the respective measurement quantity or a
relative value and thus a change of the respective measurement quantity. Further sensors like an acoustic sensor, an
image sensor, a humidity sensor, and/or a force sensor can additionally or alternatively be integrated into the hair-
brush 110.

The one or more sensor(s) may be communicatively coupled to the apparatus 120 as indicated by the wireless com-
munication signals 114 and 123. The communicative coupling between the sensors 112, 117, 118 and the apparatus
120 may depend on the respective realization of the apparatus 120. For example, if the apparatus 120 is integrated
into a handle of the hairbrush 110, the communicative coupling can be provided by respective signal cables. If the
apparatus 120 is realized as a standalone device, or is part of a computational device of a user, the communicative
coupling may be realized in form of wireless communication signals utilizing any known wireless communication
technigue. A dedicated communication unit, not shown in Fig. 1, may be provided as part of the hairbrush 110 to
which the sensors are communicatively coupled, for instance, utilizing communication signal wires, wherein the com-
munication unit is then adapted to forward the measurement signals of the sensors to the apparatus 120 via the

known wireless communication technique.

The apparatus 120 may comprise a vibration measurement providing unit 121 and a hair property determination unit
122. The vibration measurement providing unit 121 may be adapted to provide the vibration signals that are indica-
tive of the result of the vibration measurements performed by the one or more vibration sensors 112. The vibration
measurement providing unit 121 may be adapted as a receiving unit for directly receiving the vibration signals meas-
ured by the vibration sensors 112 and for providing the received vibration signals. The vibration signals measured by
the vibration sensors 112 may be provided to a storage unit, for instance, to a cloud storage, wherein in this case the
vibration measurement providing unit 121 may be adapted to access the respective storage unit and to provide the
stored vibration signals to the hair property determination unit 122. The vibration signal may be indicative of the vi-

brations of the bristles 111 of the hairbrush 110 during the brushing of the hair of a subject.

The hair property determination unit 122 may be adapted to determine one or more hair properties based on the re-

spective vibration signals. The vibration signals of the bristles 111 of a hairbrush 110 may be suitable to determine a
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plurality of hair properties, for instance, a type of the hair, how the hair was treated in the past, and, in particular, a
quality of the hair, i.e. whether and to which degree the hair has been damaged. The hair property determination unit
122 may be adapted to analyze the vibration signal associated with the respective hair properties. For example, a
standard deviation from an average signal value or a span width of a second integration or inverse derivative of the

vibration signal may be correlated with hair property, such as a hair quality and subtleness of the hair.

The hair property determination unit 122 may utilize the results of the velocity measurement provided by the velocity
sensor 117 and the results of the rotation measurement provided by the rotation sensor 118 for determining one or
more hair properties. In particular, these additional signals may be utilized for further increasing an accuracy of the
determination of the hair property. For example, based on the velocity signal provided by the velocity sensor 117, the
beginnings and endings of hair strokes may be determined, and the velocity of the different hair strokes may be com-
pared. This allows to utilize, for instance, only vibration signals coming from brushing strokes performed with the ve-
locity of the hairbrush 110 in a predetermined range. Accordingly, it can be avoided to compare brushing strokes per-
formed with strongly deviating velocities which might lead to respective strongly deviating vibrations of the bristles of
the hairbrush. Moreover, also the angle between the hairbrush and the hair with which the brushing is performed can
have an influence on the respective vibration of the bristles. Thus, taking the degree of rotation provided by the rota-
tion sensor 118 into account during the hair property determination allows to utilize the vibration signals of brushing
strokes within a predetermined degree of rotation of the hairbrush 110. The signals of other sensor(s) may be utilized
by the hair property determination unit 122 to improve the measurements of the hair property, for example, by utiliz-

ing predetermined rules on how and when to combine the respective signals for determining the hair property.

The result of the hair property determination, such as the respective hair property like the respective quality of the
hair, can then be provided to a user device 130 and can be displayed, for instance, on display 131. The result may
include a hair quality score and may be presented on the display 131 of the user device 130, for instance, by utilizing
arespective app on the user device 130. However, the result can also be provided to a user in other forms, for in-
stance, via a light or a small display provided as part of the hairbrush 110 or via an audio signal like a beep or a voice
to aloudspeaker that can be provided to the user device 130 or can also be provided to the hairbrush 110. Moreover,

information to the user, like a result, can also be provided to a user via a loading and/or base station of the hairbrush.

Fig. 2 illustrates an example of processing vibration signals.

The top graph illustrates an example of the raw data vibration signal. The raw data includes multiple strokes. The
strokes are signified by the start and end signatures per stroke. Th start and end signatures show a high amplitude
owing to the force acting on the bristles on the start and end of each stroke. The segment between the start and end

signature is the measurement signal, from which the hair property may be determined.

The bottom graph illustrates one stroke with start signature, end signature and measurement segment. The ampli-

tude extrema are reduced by cutting the amplitude at a high and low threshold or by removing respective data points.
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In the example shown, the start and end amplitudes are detected and cut back to the threshold. In other examples,
outliers in the measurement segment may be removed. From the measurement segment the standard deviation may
be determined as one possible indicator for score. The standard deviation may be determined per stroke. The stand-
ard deviations per stroke may be aggregated e.g. as mean standard deviation. The standard deviation is only one
example and other analysis indicators for scoring hair conditions may be determined. The indicator for scoring may
be mapped to the hair property in the sense of a level or range signifying a level or range related to the hair condi-
tion. For example, the high standard deviation may signify a suppleness level and based on such level formulation

control data including formulation components may be provided.

In Figs. 3a to 5¢ example determinations of the hair property with the hairbrush 110 will be described in more detail
utilizing the hairbrush 110 as described for example in the context of Fig. 1. The hairbrush used on the following ex-
amples includes piezo electric element(s) as vibration sensor(s) attached to the bottom side of the hairbrush mem-

brane with the silicone adhesive.

In Figs. 3a and b the differentiation of good and bad quality hair is illustrated. The good and bad quality hair may me
defined by the vibration spectrum associated with damaged hair. The hair property is in this example the hair quality,
which can be assessed based on the vibration spectrum and scores such as ADC value determined from the vibra-
tion spectrum. Fig. 3a shows that the standard deviations of the ADC vibration signals for good and bad hair can be
classified based on the vibration signals. The Fig. 3a shows that the average values of the ADC signals are compara-
ble, but that a differentiation of the two different hair qualities is possible by the deviation of the standard deviations of

the signal values from the average into good and bad.

In a further example, shown in Fig. 3b the density of bristles of the hairbrush was increased with multiple bristles per
sensor. The silicone adhesive was used to connect the vibration sensor to a plurality of bristles of the hairbrush 110.
Although already in the above example, the differentiation was easily possible, Fig. 3b shows that by connecting a
plurality of bristles to the vibration sensor the possible differentiation of good and bad hair quality can be increased

up to 300%. Thus, the accuracy of a hair quality determination can be increased.

In the examples of Fig. 4a and b, differently damaged Caucasian hair were evaluated utilizing the hairbrush 110 as
described for example in the context of Fig. 1. In this case, the vibrational sensor signal was translated into an accel-
eration and the acceleration signals of the vibrational sensor were recorded over time. By applying a second integra-
tion to the signal the displacement can be determined. The hair property in this example is the degree of damage of

hair and the related score is the second integration signifying the level of damage.

Fig. 4a shows the result of the second integration of the vibration signal for undamaged hair and Fig. 4b for damaged
hair, in this case in particular bleached hair. The second integration of the acceleration signal results in displacement
values, shown on the right of the Figs. 4a and 4b that can then be further evaluated for determining the hair quality or

other properties. For example, as shown in Fig. 4b the span width of the maximum and minimum values of the



10

15

20

25

30

35

17
WO 2024/251691 PCT/EP2024/065253

second integration signal can be determined. As can be derived from Fig. 4a and 4b the second integrated signal
from medium-bleached hair can be more distinct than a second integrated signal from the untreated, i.e. virgin, hair.
Figure 4c¢ shows the significantly different mean values of the span width of five virgin hair strands and of five me-

dium-bleached hair strands both evaluated after the second integration.

In a further example, mannequin heads had been washed with 3 different shampoos from a drugstore. The three
mannequin heads were washed twice with different shampoos A, B, C and dried overnight. Suppleness using Cauca-
sian hair strands had been evaluated by measuring residual dry combing work before the shampoos were applied.
Figs. 5a-c show the result. The lower the values of the residual dry combing work, the easier the dry combing and the
better the smoothness and softness of the hair strands. In this example the hair property is the level of suppleness of

the hair, which is signified by the second integration or second inverse derivative of the signal as score.

Each mannequin head associated with a different shampoo was combed with a hairbrush as described above. In this
experiment the hairbrush was used manually with 3 combing strokes at 10 repetitions. Moreover, for each manne-
quin a suppleness of the hair was measured. For example, a dry hair strand of the mannequin was pulled through a
displacement configuration, e.g. a number of rings alternatingly spaced apart, and the force necessary for pulling the
hair strand through the displacement was measured. The measured force is then indicative of the suppleness of the
hair stand, in particular, the lower the pulling force the higher the suppleness. Fig. 5B show mean span width values
after second integration of the acceleration signals, calculated as described above, in relation to a measured supple-
ness for the three different shampoos. Fig 5A shows for the same experimental setup the calculated mean span
width values after second integration of the acceleration signals in relation to residual dry combing work values for
the three shampoos. For measuring the dry combing work values hair strands of the respective mannequin heads
can be combed with a predefined configuration of combs that are oppositely arranged and the force can then be
measured that is needed for pulling the hair strand through the comb arrangement. From the force the dry combing
work can then be derived. Moreover, Fig. 5C shows for all three shampoos the relation between the suppleness and
the residual dry combing work values. Figs. 5A, 5B and 5C show that the characteristics of the vibration signal, here
the span width of the second integrated vibration signal, allow for an accurate differentiation between hair with differ-
ent properties, here different suppleness or dry combing work values. Moreover, since the different hair properties
are caused by different shampoos, the utilization of the vibration signal for determining the hair properties allows

even to determine the influence of hair care products on the hair of a user.

All the above examples indicate the vibration signals of bristles determined utilizing the hairbrush as described above
allow for an accurate determination of a hair property, in particular, of a hair quality, damage level or suppleness.
Moreover, vibration signals provided by respectively integrated vibration sensors in the hairbrush are suitable to dif-
ferentiate between differently damaged hair and different hair treatments which makes it an easy way to use the de-
vice for hairdressers and consumers for helping with the selection of respective hair care products for an individual

user.
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The “smart” hairbrush utilizes one or more vibration sensor(s) to analyze different hair properties, in particular, hair
qualities, while brushing. Generally, there is a growing trend for home-use evaluation of hair care products by end-
consumers themselves. The evaluation becomes possible by providing “smart” devices, i.e. mainly wireless
standalone devices that are able to track individual hair and scalp condition and/or improvement. However, there are
more scalp and less hair evaluation devices available on the market. Moreover, there is also a need to get a reliable
and efficient device which can be directly and easily used by the end-consumer. The tech-unique of the respective
device should be self-explaining and the results of the application should be visible either directly on the device or on
a connected cell phone. There are some devices for hair analysis today, which, however, are complex e.g. based on
NIR technology or lab diagnostics only designed for usage by hairdressers, i.e. professionals. Other devices for hair
evaluation, which are described in literature or other media, cannot be purchased or are only using imaging tech-
niques which is often incomprehensible and inapplicable for the consumer. These devices are in particular costly and
the information provided by the devices often inaccurate such that probably no consumer would be prepared to

spend money for this kind of information.

In this context, it was found that from vibration signals of the bristles of a hairbrush hair properties can be accurately
and easily derived. Thus, a hairbrush for hair property analysis using vibration sensor(s) can be advantageously uti-
lized for hair property analysis. For example, a vibration sensor can be utilized that is adapted to detect vibration from
10 Hz to 15 kHz through a piezo ceramic material base sensor with vibration signal amplification circuit integration.
Such a hairbrush together with the respective apparatus, as described in the examples above, can be easily used

during daily hair treatment without additional hair expertise.

It is further noted, that generally there are a lot of other approaches for smart hair analysis, like utilizing infrared light,
ultraviolet light, visible light respectively imaging, force or sound measurements, but that all these techniques have
certain drawbacks. Especially the evaluation of absorption curves from different light sources can be impaired by
product residues on hair. Force and sound measurements strongly depend on individual consumer application and
hair style. In contrast thereto utilizing a vibration sensor is a very robust technique which can directly measure the
health status of the hair fiber. Healthy hair is very smooth and flexible. Damage caused by different hair treatment,
like bleaching, UV irradiation or straightening by heat or chemicals, or even hair washing results in more brittle hair
fibers. Hereby hair proteins are oxidized, hair lipids are lost and the natural appearance of the hair is impaired. Thus,
the vibration signal analysis as described in this application can be utilized to allow users to avoid these damages
and to provide respective indications how such damages can be repaired. The vibration sensor technology is unique

and can be integrated in standard hairbrushes.

Fig. 6 illustrates schematically an example of a flow chart for detecting at least one hair property from the vibrational

signal and generating formulation control data.

The hairbrush 110 described above, e.g. in the context of Fig. 1, may be used in connection with a mobile hair appli-

cation. Depending on the user the application, in particular the analysis of the sighal may be calibrated. The user
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may register with the mobile hair application. On registration the user may calibrate the analysis of the vibration sig-
nal from the hairbrush 110. This may depend for example on the user’s pattern of brushing the hair. Vibration signal
from one or more calibration strokes may be provided e.g. to the hairbrush interface of the mobile application the
hairbrush 110 is communicatively connected to. The vibration signal may be analyzed as for example described in
the context of Fig. 2. The signal may be processed to remove the start and end stroke signature and to extract the
measurement segment. The thresholds for extrema reduction or cancellation may be adapted to the user specific
signal. Scores such as standard deviation or second inverse derivative and their mapping to the thresholds for the
hair condition may be determined to enable detecting of the hair property. For determining the user-specific calibra-
tion parameter further sensors such as rotation and/lor velocity sensors signifying user specific brushing properties
may be used. The user specific calibration parameters may be stored in association with the user profile, such as a

user ID provided on registration.

For using the hairbrush 110 to provide and/or produce the hair product containing the one or more formulation com-
ponent(s) to be used, the vibration signal as measured by the hairbrush 110 may be provided to the hairbrush inter-
face e.g. of the mobile application. The calibration parameters or calibrated parameters stored on calibration may be
provided. The hair property associated with the hair brushed may be detected by analyzing the vibration signal. Ana-
lyzing the vibration sighal may include determining one or more signal segment(s) associated with one or more
stroke(s) and determining the at least one hair property from the signal segment(s). Analyzing may include generat-
ing a score related to the at least one hair condition to determine the hair property. Determining the at least one hair
property may include the personalized calibration parameter. The personalized calibration parameters may be deter-
mined for the hair brushed from at least one calibration stroke. The calibration stroke may include determining stroke
properties, such as the user’s personalized profile to brush hair. The calibration parameter or calibrated parameters

may be used for detecting the at least one hair property from the vibration signal as described above.

Determining the at least one hair property may include mapping the determined score to thresholds for the hair con-
dition to determine a level or range the score lies in for the hair condition providing the hair property. For example,
the score, such as the standard deviation or second inverse derivative, may indicate the suppleness of the hair or the

level of damage of the hair.

The hair property may be generated by mapping the vibrational signal by a data driven model to the hair property.
The data-driven model may be trained on a historical dataset including vibration signals, hair properties, scores,
and/or characteristics of the hair brushed. The data-driven model may be trained on measured vibration signals and
respective hair properties. The data-driven model may be trained on measured vibration signals, respective hair
properties and characteristics influencing the hair, such as hair characteristics like length, exposure of the hair to en-
vironmental influences such as sun or pollution, hair state such as virgin or bleached, origin, used hair products or
age. The vibrational signal may be fed to the data-driven model and the data-driven model may provide the hair prop-
erty, e.g. the hair condition and the respective score. The vibration signal may be processed to determine the score

and the score may be fed to the data driven model to provide the hair property. The data driven model may be
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trained on respective historical data sets. The historical dataset may include historical vibration signals annotated by
determined hair properties, scores and/or characteristics of the hair brushed. The historical dataset may include his-
torical scores derived from vibration signals annotated by determined hair properties, and/or characteristics of the
hair brushed. The historical dataset may include historical vibration signals or scores collected under lab conditions
and/or as determined for other users. Such data may be annotated by determined hair properties, and/or characteris-
tics of the hair brushed. This way hair properties determined e.g. under lab conditions or for other users may be
made available to the hair property detection allowing for more reliable hair property detection and more nuanced
control data generation. The hair characteristics may include user data such as user's age, length of the hair, hair
state like virgin or colored, hair type like brown thick hair or blonde thin hair. The data-driven model may be based on
aregression model. The data-driven model may be based on a neural network structure including at least one en-
coder and at least one decoder. The data-driven model may be based on a convolutional neural network structure

and/or a recurrent neural network structure.

The formulation control data may be generated by deriving one or more formulation component(s) from the at least
one detected hair property associated with the hair brushed. The formulation component may relate to at least one
base formulation and/or at least one active ingredient. Generating formulation control data may include determining

one or more formulation component(s) based on the hair condition and the associated score.

The formulation control data may be generated by selecting one or more formulation component(s) in relation to the
determined hair property, wherein the formulation control data is generated by selecting at least one product com-
prising one or more formulation component(s) selected in relation to the determined hair property. Generating formu-
lation control data may include mapping the formulation component(s) to pre-set product(s) or product formulation
component(s) containing the formulation component(s). The pre-set products(s) may be provided including the used

formulation component(s) for selection.

For mapping ingredients data relating to one or more formulation component(s) may be provided. Ingredients data
may relate to laboratory measurement data signifying the compatibility of one or more formulation component(s). The
formulation control data may be generated based on the ingredients data by selecting one or more formulation com-
ponent(s) based on their compatibility. If a product is to be produced, the formulation component(s) usable to pro-
duce the hair product and/or respective capsule(s) containing formulation component(s) usable to produce the hair
product may be provided. The ingredients data may relate the at least one hair property to respective formulation
component(s) and/or respective capsule(s). The formulation control data may be generated based on the ingredients

data by selecting one or more formulation component(s) and/or respective capsule(s) based on the at least one hair

property.

Generating formulation control data may include determining a difference between at least one current hair property

and at least one historical hair property and providing the at least one current hair property, the at least one historical
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hair property and/or the difference between at least one current hair property and at least one historical hair property

to the user.

The formulation control data may be generated by a data driven model. The data-driven model may be trained on a
historical dataset including vibration signals, scores, hair properties, characteristics of the hair brushed, differences
determined for evaluating treatment effectiveness and/or formulation component(s) to be used or ingredients data.
The data-driven model may be trained on a historical dataset including vibration signals, hair properties, scores,
characteristics of the hair brushed differences determined for evaluating treatment effectiveness, and/or formulation
component(s) to be used. The vibrational signal may be fed to the data-driven model and the data-driven model may
provide the formulation component(s) to be used. The processed vibrational signal or scores may be fed to the data-
driven model and the data-driven model may provide the formulation component(s) to be used. The data-driven
model may further provide the hair property, e.g. the hair condition and the respective score. The determined formu-
lation component(s) may be mapped to pre-set product(s) or product formulation component(s) containing the formu-
lation component(s). The pre-set products(s) may be provided based on the output of the data-driven model. By in-
cluding historical formulation component determinations and differences signifying treatment effectiveness in combi-
nation with measurement data into account, the hair property detection and formulation control data can be en-
hanced to increase the likelihood of successful hair treatment. The data-driven model may be based on a regression
model. The data-driven model may be based on a neural network structure including at least one encoder and at
least one decoder. The data-driven model may be based on a convolutional heural network structure and/or a recur-

rent neural network structure.

Generating formulation control data may include determining a difference between at least one current hair property
and at least one historical hair property and determining one or more formulation component(s) to be used based on

the determined difference. This may allow for monitoring the hair property.

The formulation control data usable to provide the hair product containing the one or more formulation component(s)
to be used may be provided. The formulation control data may be usable to produce the hair product containing the
one or more formulation component(s). The one or more formulation component(s) to be used for producing the hair

product may be derived from the vibration signal or the at least one detected hair property.

Fig. 7 illustrates schematically an example of a mixing device for mixing a customized hair product to be applied to
the brushed hair.

The formulation control data may be generated as described in the context of Fig. 6. The formulation control data
may include formulation mixing data. The formulation control data may relate to ingredients to be used and the

amount or quantity of ingredients to be used for producing the hair product.
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The formulation control data may be provided to the mixing device 202. Deriving formulation control data may include
determination of capsules containing different formulation component(s). The formulation control data may be pro-
vided to select capsules for mixing, that contain the respective formulation components. The hair product may be
produced from the one or more formulation component(s) contained in the capsules. The hair product may be pro-
duced from more than one capsule(s), wherein each capsule contains a different formulation component. The hair
product may be produced from at least one capsule containing the base formulation and at least one capsule con-
taining at least one active ingredient. The capsules may be placed in the ingredients tank of the mixing machine. The
formulation control data may be provided to the ingredients tank control to control release of ingredients for mixing.
Based on the formulation control data the hair product 200 with the tailored formulation may be produced and pro-

vided. The formulation may be applied to the hair of the user reflected in the vibration signal.

This way personalized hair treatment can be further individualized to the user’s needs. Through the tailored hair
treatment, the use of ingredient resources can be targeted to the user's needs thus contributing to environmentally

friendly hair treatment.

The present disclosure has been described in conjunction with preferred embodiments and examples as well. How-
ever, other variations can be understood and effected by those persons skilled in the art and practicing the claimed

invention, from the studies of the drawings, this disclosure and the claims.

Any steps presented herein can be performed in any order. The methods disclosed herein are not limited to a spe-
cific order of these steps. It is also not required that the different steps are performed at a certain place or in a certain
computing node of a distributed system, i.e. each of the steps may be performed at different computing nodes using
different equipment/data processing.

As used herein ,determining" also includes ,initiating or causing to determine”, “generating” also includes ,initiating
and/or causing to generate” and “providing” also includes “initiating or causing to determine, generate, select, send
and/or receive”. “Initiating or causing to perform an action” includes any processing signal that triggers a computing

node or device to perform the respective action.

In the claims as well as in the description the word “comprising” does not exclude other elements or steps and the
indefinite article “a” or “an” does not exclude a plurality. A single element or other unit may fulfill the functions of sev-
eral entities or items recited in the claims. The mere fact that certain measures are recited in the mutual different de-
pendent claims does not indicate that a combination of these measures cannot be used in an advantageous imple-

mentation.

Any disclosure and embodiments described herein relate to the methods, the systems, devices, the computer pro-

gram element lined out above and vice versa. Advantageously, the benefits provided by any of the embodiments and
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examples equally apply to all other embodiments and examples and vice versa. All terms and definitions used herein

are understood broadly and have their general meaning.
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Claims

A method for generating formulation control data for providing a hair product for treating one or more hair con-

ditions, the method comprising:

- providing a vibration signal measured by a hairbrush (110) including bristles connected to one or more
vibration sensor(s),

- detecting at least one hair property associated with the hair brushed by analyzing the vibration signal,

- generating formulation control data by deriving one or more formulation component(s) from the at least
one detected hair property associated with the hair brushed,

- providing the formulation control data usable to provide the hair product containing the one or more

formulation component(s) to be used.

The method of claim 1, wherein detecting the at least one hair property includes generating a score related to
the at least one hair condition, wherein generating formulation control data includes determining one or more

formulation component(s) based on the hair condition and the score.

The method of any of the preceding claims, wherein detecting the at least one hair property includes a per-
sonalized calibration parameter, wherein the personalized calibration parameter is determined for the hair
brushed from at least one calibration stroke, wherein the calibration stroke includes determining stroke proper-
ties, wherein the stroke properties are mapped to the personalized calibration parameter for detecting the at

least one hair property from the vibration signal.

The method of any of the preceding claims, wherein analyzing the vibration signal includes determining one or
more signal segment(s) associated with one or more stroke(s) and determining the at least one hair property

from the signal segment(s).

The method of any of the preceding claims, wherein the formulation component relates to a at least one base
formulation and/or at least one active ingredient, wherein the formulation control data is generated by select-
ing one or more formulation component(s) in relation to the detected at least one hair property, wherein the
formulation control data is generated by selecting at least one product comprising one or more formulation

component(s) selected in relation to the detected at least one hair property.

The method of any of the preceding claims, wherein the formulation control data is usable to produce the hair
product containing the one or more formulation component(s), wherein the one or more formulation compo-

nent(s) to be used for producing the hair product are derived from the detected at least one hair property.

The method of any of the preceding claims, wherein ingredients data relating to one or more formulation com-

ponent(s) usable to produce the hair product and/or respective capsule(s) containing formulation
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component(s) usable to produce the hair product are provided, wherein the ingredients data relate the at least
one hair property to respective formulation component(s) and/or respective capsule(s), wherein the formula-
tion control data is generated based on the ingredients data by selecting one or more formulation compo-

nent(s) and/or respective capsule(s) based on the at least one hair property.

The method of claim 7, wherein ingredients data relates to laboratory measurement data signifying the com-
patibility of one or more formulation component(s), wherein the formulation control data is generated based on

the ingredients data by selecting one or more formulation component(s) based on their compatibility.

The method of any of the preceding claims, wherein the hair property is generated by a data driven model,
wherein the data-driven model is trained on a historical dataset including vibration signals, hair properties,

scores, and/or characteristics of the hair brushed to provide at least hair properties and/or scores.

The method of any of the preceding claims, wherein the formulation control data is generated by a data driven
model, wherein the data-driven model is trained on a historical dataset including vibration signals, hair proper-
ties, characteristics of the hair brushed and/or formulation component(s) to be used to provide at least formu-

lation component(s).

The method of any of the preceding claims, wherein generating formulation control data includes determining
a difference between at least one current hair property and at least one historical hair property and determin-

ing one or more formulation component(s) to be used based on the determined difference.

The method of any of the preceding claims, wherein generating formulation control data includes determining
a difference between at least one current hair property and at least one historical hair property and providing
the at least one current hair property, the at least one historical hair property and/or the difference between at

least one current hair property and at least one historical hair property to a user.

An apparatus for generating formulation control data for providing a hair product for treating one or more hair

condition(s), the method comprising:

- a hairbrush configured to provide a vibration signal measured by the hairbrush (110) including bristies
connected to one or more vibration sensor(s),

- a detector configured to detect at least one hair property associated with the hair brushed by analyzing
the vibration signal,

- a generator configured to generate formulation control data by deriving one or more formulation com-
ponent(s) from the at least one detected hair property associated with the hair brushed,

- a control data providing interface configured to provide the formulation control data usable to provide

the hair product containing the one or more formulation component(s) to be used.
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14.  Use of the formulation control data as generated according to the methods of any claims 1 to 12 or as gener-

ated by the apparatus according to claim 13 to provide or produce a hair product.

15, A computer element, which when executed by a computing system, direct the computing system to generate
control data according to the computer-implemented methods of any of claims 1 to 12 or as generated by the

apparatus according to claim 13,
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