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ABSTRACT 

A method of controlling operation of an inhaling device is 
provided, the inhaling device including a gas flow path 
through which gas can be drawn by the action of a user puff, 
a gas flow sensor within the gas flow path, and a memory, 
the method including recording gas flow measurements from 
the gas flow sensor; comparing the gas flow measurements 
with the user puff signature stored in the memory to provide 
a correlation score; and enabling or disabling further opera­
tion of the device based on a value of the correlation score. 
The method allows an inhaling device, such as an electri­
cally operated smoking device or a medical inhaler, to 
authenticate a user of the device based on a detected puffing 
behavior. 
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INHALING DEVICE WITH USER 
RECOGNITION BASED ON INHALATION 

BEHAVIOUR 

[0001] The invention relates to inhaling devices config­
ured to allow a user to inhale an aerosol or vapour containing 
a desired medicament or ingredient. Examples of inhaling 
devices of this kind include electrically operated cigarettes, 
heated tobacco systems and medical inhalators. In particular, 
the invention relates to devices and methods that can rec­
ognise or authenticate a user based on the puffing behaviour 
of the user. 
[0002] One example of an inhaling device is an electronic 
cigarette. Although electronic cigarettes are believed to be 
less harmful than conventional cigarettes and may be used as 
a smoking cessation aid, they are not intended for use by 
unauthorised individuals, particularly those below the legal 
age for electronic cigarettes. In currently available electronic 
cigarettes there is no mechanism for preventing unauthor­
ised use. 
[0003] There are a number of user identification systems 
that are used in other electronic devices. For example, 
mobile telephones typically require a user to enter a pass­
word before they will fully operate. More sophisticated 
systems include fingerprint recognition, face recognition, 
voice recognition and retinal scanning. However, these 
systems are typically too bulky to integrate into small 
devices such as electronic cigarettes. And even the smaller 
systems, such as fingerprint and sweeping gesture recogni­
tion, require complex and expensive electronics and soft­
ware to be integrated into the device. WO2014/150704 
describes some systems of this type used to prevent unau­
thorised use of an electronic cigarette. 
[0004] It would be desirable to provide a simpler, less 
bulky and less expensive means of preventing unauthorised 
used of an inhaling device. It would also be desirable to 
provide a means of automatically recognising a user of an 
inhaling device in order to provide for personalised opera­
tion of the device. 
[0005] In a first aspect there is provided a method of 
controlling operation of an inhaling device, the inhaling 
device comprising a gas flow path through which gas can be 
drawn by the action of a user puff, a gas flow sensor within 
the gas flow path and a memory, the method comprising: 
[0006] recording gas flow measurements from the gas flow 
sensor; 
[0007] comparing the gas flow measurements with a user 
puff signature stored in memory to provide a correlation 
score; and 
[0008] enabling or disabling further operation of the 
device based on a value of the correlation score. 
[0009] This method allows an inhaling device, such as an 
electrically operated smoking device or a medical inhaler to 
authenticate a user of the device based on a detected puffing 
behaviour. Only if the user is determined to be an authentic 
user is the device enabled for further operation, for example 
to deliver aerosol to the user. This method of authentication 
and preventing unauthorised use of the device is simple and 
compact, and given that many inhaling devices incorporate 
a flow sensor and a controller for other purposes, is a very 
inexpensive solution in many cases. 
[0010] As used herein, an inhaling device comprises any 
device which is configured to deliver a substance for inha­
lation by the user. An inhaling device may, for example, be 
a medical inhaler or nebuliser, a vaporiser, an electronic 
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cigarette or a heated tobacco device. As used herein, inhal­
ing means the action of a user drawing an aerosol or gases 
into their body through their mouth or nose. Inhaling 
includes drawing into the lungs before exhalation, and also 
drawing only into the mouth or nasal cavity before exhala­
tion. 

[0011] As used herein gas flow measurement may refer to 
measurement of gas flow rate, which may be mass flow rate 
or volumetric flow rate, or may refer to measurement on one 
or more other parameters related to gas flow rate, such as 
pressure changes, changes in electrical resistance or electri­
cal capacitance. 

[0012] The method may further comprise recording a user 
puff signature based on signals from the gas flow sensor 
during a set-up procedure; and storing the user puff signature 
in the memory. The step of recording a user puff signature 
may comprise recording a gas flow rate past the gas flow 
sensor for a first predetermined time period. And the step of 
recording a user puff signature may comprise providing an 
indication to the user of the start of the first predetermined 
time period. So, in a set-up operation, a user may be required 
to provide a puff signature by providing a characteristic 
puffing behaviour within a set time period after an indicator, 
such as a light or speaker, is activated on the device. The user 
may choose whatever puff signature they like. For example, 
the user may choose a series or short sharp puffs or may 
choose a single long puff having a variable gas flow rate. 
This puffing behaviour is recorded for the set time period, for 
example two seconds, and stored in memory as the user puff 
signature. 

[0013] The step of recording gas flow measurements may 
comprise recording a gas flow rate past the gas flow sensor 
for a second predetermined time period. The second prede­
termined time period may advantageously be of the same 
duration as the first predetermined time period. The step of 
recording gas flow measurements comprises providing an 
indication to user of start of the second predetermined time 
period or that the device is ready to start recording for the 
second predetermined time period. Again, a light or audible 
indication may be provided to indicate the start of the 
authentication procedure. The user then replicates his or her 
puff signature. The user's puff signature is recorded as gas 
flow measurements during the second predetermined time 
period and is then compared with the stored puff signature 
to provide a correlation score. 

[0014] The correlation score may be a single value derived 
from a correlation or pattern matching algorithm. 

[0015] The step of enabling or disabling further operation 
of the device may comprise comparing the correlation score 
with a threshold score and enabling further operation of the 
device if the correlation score exceeds the threshold score. 
If the correlation score does not exceed the threshold score 
the device may be disabled. The step of disabling the system 
may comprise disabling the system for a predetermined 
disable time period before the user can attempt the authen­
tication procedure again. The disable time period may 
increase with each subsequent disabling of the device until 
a user is successfully authenticated and the device is 
enabled. For example, a first disabling of the device may 
comprise disabling the device for only a few seconds. If the 
user subsequently fails to provide a matching puff signature 
again, a second disabling of the device may comprise 
disabling the device for 2 minutes. If a further unsuccessful 
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attempt is made to provide a matching puff signature the 
device may be disabled for an hour. 
[0016] The method may also comprise permanently dis­
abling the device until a reset procedure is carried out. A 
reset procedure may comprise connecting the device to a PC 
or other secondary device, and providing a different form of 
authentication through the secondary device, such as a 
password. Once a reset procedure is carried out, a user may 
need to record a new puff signature. 
[0017] The method may further comprise a step of modi­
fying the user puff signature based on the gas flow mea­
surements if the correlation score exceeds the threshold 
score. In this way, each time that a user is successfully 
authenticated, their puff signature can be updated with or 
replaced by the most recent matching puff behaviour. This 
may be beneficial in tracking small changes in puff behav­
iour over time or providing an averaging for the signature 
that accounts for variations due to the time of day, the season 
or local environment. 
[0018] It is also possible that the user puff signature is not 
puffing behaviour that is deliberately produced by a user as 
a signature. The user puff signature may be recorded natural 
puffing behaviour that is particular to the user. 

[0019] The step of comparing the gas flow measurements 
with the user puff signature may comprise comparing any 
suitable parameters of the gas flow measurements. For 
example, one or more of the following parameters may be 
used: time to end of puff, time to peak flow rate, time to first 
maximum flow rate, time to first minimum flow rate, time 
between peak flow rates, rate of change of flow rate, number 
of peak flow rates, flow rate at peak flow rates, puff volume, 
peak flow ratios, rate of change of flow rate ratios, inter puff 
interval, and curve shape. For example, the user puff signa­
ture may comprise a maximum flow rate, a number of flow 
peaks and an initial rate of change of flow rate over the first 
0.5 seconds. Each of these parameters may be extracted 
from the gas flow measurements. The comparison may be 
made for each of the parameters and a weighted sum of the 
comparison results used to provide a final correlation score. 

[0020] The choice of parameters used will depend on the 
length and complexity of the puff signatures recorded and 
the sensitivity of the gas flow measurements obtained. The 
aim is to provide for reliable authentication of genuine users, 
with a balance between false rejection and false acceptance. 
The choice of parameters, correlation algorithm and thresh­
old score can all be adjusted to provide the required perfor­
mance based on trial and error. 

[0021] The method may further comprise modifying the 
recorded user puff signature dependent on a time of day, or 
based on a type of consumable being used with the device, 
or both, prior to the step comparing the gas flow measure­
ments with the user puff signature. If it is established that 
users typically take stronger puffs in the morning than the 
evening for example, the puff signature may be modified for 
the evening as compared to the morning. 

[0022] If the device can be used with different consum­
ables containing substances to be delivered to the user from 
the inhaling device, the different consumable may affect 
flow rate through the device. Accordingly, the puff signature 
may be modified based on the consumable being used. This 
is particularly useful if the user signature is not a deliberately 
produced signature but recorded natural puffing behaviour 
and it may reduce the false rejection rate. 
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[0023] The method may comprise storing a plurality of 
user puff signatures and the step of comparing the gas flow 
measurements with the user puff signature may comprise 
comparing the gas flow measurements with each puff sig­
nature to provide a plurality of correlation scores. This 
allows multiple users to be authorised for a single device. In 
the case of an electrically operated smoking device for 
example, there may be multiple authorised users within a 
household. 
[0024] The method may further comprise modifying the 
operation of the device dependent on which of the plurality 
of correlation scores is the highest. This allows the operating 
parameters of the device to be set for the user that has been 
authenticated to use the device. Again, taking the example of 
a smoking device, one user may prefer a greater volume of 
delivered aerosol per puff than another authorised user. If the 
device generated aerosol by heating a substrate, the device 
may therefore be configured to provide more heat to the 
substrate for one user than for another. Also, a single user 
may record different puff signatures to provide for different 
device operation so that they can select a particular mode of 
operation by providing a particular puff signature. For 
example, one puff signature may be used when a very rapid 
delivery of aerosol is required and another puff signature 
may be used when a more gradual delivery of aerosol is 
required. 
[0025] In a second aspect, there is provided an inhaling 
device comprising: 
[0026] a controller configured to control the operation of 
the device; 
[0027] a gas flow path through which gas can be drawn by 
the action of a user puff, 
[0028] a gas flow sensor within the gas flow path; and 
[0029] a memory, 
[0030] wherein the controller is configured to compare a 
user puff signature stored in the memory with gas flow 
measurements from the gas flow sensor to generate a cor­
relation score, and is configured to enable or disable opera­
tion of the device based on a value of the correlation score. 
[0031] The inhaling system may be an electrically oper­
ated smoking system. 
[0032] The smoking system may be an electrically heated 
smoking system that heats an aerosol-forming substrate to 
generate an aerosol. The aerosol-forming substrate may be a 
liquid, held in a liquid storage portion or may be a solid 
substrate. In either case, the aerosol-forming substrate may 
be provided in a replaceable, consumable portion that 
engages the device in use. The smoking system may be a 
heated tobacco type system in which a cigarette is heated but 
not combusted to form an aerosol that can be directly inhaled 
by a user. 
[0033] The device may comprise an air inlet, and a mouth­
piece wherein the gas flow path extends between the air inlet 
and the mouthpiece and wherein gas can be drawn through 
the gas flow path by the action of a user puffing on the 
mouthpiece. Alternatively, the user may puff directly on an 
aerosol-forming substrate coupled to the device. 
[0034] The controller may be configured to carry out some 
or all of the steps described with reference to the first aspect. 
[0035] In particular the controller may be configured to 
record a user puff signature by recording a gas flow rate past 
the gas flow sensor for a first predetermined time period. 
And the device may comprise one or more indicators, such 
as an LED or speaker, and the controller may be configured 
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provide an indication to the user of the start of the first 
predetermined time period. The controller may be config­
ured to record gas flow measurements by recording a gas 
flow rate past the gas flow sensor for a second predetermined 
time period. The second predetermined time period may 
advantageously be of the same duration as the first prede­
termined time period. The controller may be configured to 
provide an indication to user of start of the second prede­
termined time period. 

[0036] The controller may be configured to compare the 
correlation score with a threshold score and enable further 
operation of the device if the correlation score exceeds the 
threshold score. If the correlation score does not exceed the 
threshold score the controller may disable the device. The 
controller may disable the system for a predetermined 
disable time period before the user can attempt the authen­
tication procedure again. The disable time period may 
increase with each subsequent disabling of the device until 
a user is successfully authenticated and the device is 
enabled. 

[0037] The controller may also be configured to perma­
nently disable the device until a reset procedure is carried 
out. A reset procedure may comprise connecting the device 
to a PC or other secondary device, and providing a different 
form of authentication through the secondary device, such as 
a password. Once a reset procedure is carried out, a user may 
need to record a new puff signature. 

[0038] The controller may also be configured to modify 
the user puff signature based on the gas flow measurements 
if the correlation score exceeds the threshold score. 

[0039] The controller may be configured to compare any 
suitable parameters of the gas flow measurements and user 
puff signature. For example, one or more of the following 
parameters may be used: time to end of puff, time to peak 
flow rate, time to first maximum flow rate, time to first 
minimum flow rate, time between peak flow rates, rate of 
change of flow rate, number of peak flow rates, flow rate at 
peak flow rates, puff volume, peak flow ratios, rate of change 
of flow rate ratios, inter puff interval, and curve shape. The 
comparison may be made for a plurality of parameters and 
a weighted sum of the comparison results used to provide a 
final correlation score. 

[0040] The controller may also modify the recorded user 
puff signature dependent on a time of day, or based on a type 
of consumable being used with the device, or both, prior to 
comparing the gas flow measurements with the user puff 
signature. 

[0041] The controller may store a plurality of user puff 
signatures and compare the gas flow measurements with 
each puff signature to provide a plurality of correlation 
scores. This allows multiple users to be authorised for a 
single device. In the case of an electrically operated smoking 
device for example, there may be multiple authorised users 
within a household. The controller may modify the operation 
of the device dependent on which of the plurality of corre­
lation scores is the highest. This allows the operating param­
eters of the device to be set for the user that has been 
authenticated to use the device. 

[0042] The gas flow sensor may be any suitable sensor, 
such as a microphone based sensor, which are commonly 
used in electronic cigarettes, a pressure sensor or a sensor 
based on electrical resistance, such as the sensor described 
in EP2143346, in which the cooling of a resistive element as 
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a result of airflow affects its electrical resistance, providing 
an accurate indication of a puff. 

[0043] The controller may comprise a microprocessor, 
which may be a programmable microprocessor. The con­
troller may comprise further electronic components. The 
electric controller may be configured to regulate a supply of 
power to an aerosol-generating element, such as a heater or 
vibrating membrane. Power may be supplied to the aerosol­
generating element continuously following activation of the 
system or may be supplied intermittently, such as on a 
puff-by-puff basis. The power may be supplied to the aero­
sol-generating element in the form of pulses of electrical 
current. 

[0044] The device may comprise a non-volatile memory in 
which user puff signatures can be stored. 

[0045] The device may comprise an aerosol-generating 
element configured to interact with an aerosol-forming sub­
strate to produce an aerosol for inhalation. In one embodi­
ment, the aerosol-generating element is a heater configured 
to heat an aerosol-generating substrate to provide an aerosol 
for inhalation by a user. The heater may comprise one or 
more heating elements and may be configured to heat a solid 
aerosol-forming substrate or a liquid aerosol-forming sub­
strate. The heater may be an electrically operated heater and 
the device may comprise a power supply for powering the 
heater. The controller may be configured to control the 
supply of power to the heater and the controller may disable 
operation of the device by preventing the supply of power to 
the heater and may enable operation of the device by 
allowing the supply of power to the heater. 

[0046] The aerosol-forming substrate is a substrate 
capable of releasing volatile compounds that can form an 
aerosol. The volatile compounds may be released by heating 
the aerosol-forming substrate. The aerosol-forming substrate 
may comprise plant-based material. The aerosol-forming 
substrate may comprise tobacco. The aerosol-forming sub­
strate may comprise a tobacco-containing material contain­
ing volatile tobacco flavour compounds, which are released 
from the aerosol-forming substrate upon heating. The aero­
sol-forming substrate may alternatively comprise a non­
tobacco-containing material. The aerosol-forming substrate 
may comprise homogenised plant-based material. The aero­
sol-forming substrate may comprise homogenised tobacco 
material. The aerosol-forming substrate may comprise at 
least one aerosol-former. An aerosol former is any suitable 
known compound or mixture of compounds that, in use, 
facilitates formation of a dense and stable aerosol and that is 
substantially resistant to thermal degradation at the operat­
ing temperature of the system. Suitable aerosol-formers are 
well known in the art and include, but are not limited to: 
polyhydric alcohols, such as triethylene glycol, 1,3-butane­
diol and glycerine; esters of polyhydric alcohols, such as 
glycerol mono-, di- or triacetate; and aliphatic esters of 
mono-, di- or polycarboxylic acids, such as dimethyl dode­
canedioate and dimethyl tetradecanedioate. Preferred aero­
sol formers are polyhydric alcohols or mixtures thereof, 
such as triethylene glycol, 1,3-butanediol and, most pre­
ferred, glycerine such as glycerine or propylene glycol. The 
aerosol-forming substrate may comprise other additives and 
ingredients, such as flavourants. In one example the aerosol­
forming substrate comprises a mixture of glycerine, propyl­
ene glycol (PG), water and flavourings, and nicotine. In a 
preferred embodiment, the aerosol-forming substrate com-
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prises approximately 40% by volume PG, 40% by volume 
glycerine, 18% by volume water and 2% by volume nico­
tine. 
[0047] The device may include means for detecting the 
aerosol-forming substrate. For example, the aerosol-forming 
substrate may have a bar code or other indicia which the 
device can read. Alternatively, the aerosol-forming substrate 
may be provided with electrical contacts through which 
substrate identification information can be transmitted to the 
device. The controller may adjust operation of the device 
and may modify the user puff signatures dependent on the 
identity of the aerosol-forming substrate. 
[0048] The system advantageously comprises a power 
supply, typically a battery, such as a rechargeable lithium ion 
battery, within a main body of the housing. As an alternative, 
the power supply may be another form of charge storage 
device such as a capacitor. The power supply may require 
recharging and may have a capacity that allows for the 
storage of enough energy for one or more smoking experi­
ences; for example, the power supply may have sufficient 
capacity to allow for the continuous generation of aerosol 
for a period of around six minutes, corresponding to the 
typical time taken to smoke a conventional cigarette, or for 
a period that is a multiple of six minutes. In another 
example, the power supply may have sufficient capacity to 
allow for a predetermined number of puffs or discrete 
activations of a heating element. 
[0049] Preferably, the aerosol generating system com­
prises a housing. Preferably, the housing is elongate. The 
housing may comprise any suitable material or combination 
of materials. Examples of suitable materials include metals, 
alloys, plastics or composite materials containing one or 
more of those materials, or thermoplastics that are suitable 
for food or pharmaceutical applications, for example poly­
propylene, polyetheretherketone (PEEK) and polyethylene. 
Preferably, the material is light and non-brittle. 
[0050] Preferably, the aerosol-generating system is por­
table. The aerosol-generating system may have a size com­
parable to a conventional cigar or cigarette. The smoking 
system may have a total length between approximately 30 
mm and approximately 150 mm. The smoking system may 
have an external diameter between approximately 5 mm and 
approximately 30 mm. 
[0051] The ability to detect particular puff signatures may 
be used not only for authentication purposes but also for 
recognising a user or particular user behaviour and adapting 
operation of the device to best suit that user or user behav­
iour. 
[0052] In a third aspect of the invention, there is provided 
a method of controlling operation of an inhaling device, the 
inhaling device comprising a gas flow path through which 
gas can be drawn by the action of a user puff, a gas flow 
sensor within the gas flow path and a memory, the method 
comprising: 
[0053] storing puff profile data in the memory; 
[0054] recording gas flow measurements from the gas flow 
sensor; 
[0055] comparing the gas flow measurements with the puff 
profile data to provide a plurality of correlation scores; and 
[0056] modifying operation of the device based on a value 
of the correlation scores. 
[0057] The puff profile data may be data recorded during 
previous operation of the device by the user. The method 
may further comprise recording user puff data based on 
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signals from the gas flow sensor during operation of the 
inhaling device, and storing that data as the puff profile data 
in memory. 
[0058] The inhaling device may be as described with 
reference to the second aspect and in particular may be an 
electrically operated smoking device. The step of modifying 
operation of the device may be, for example, modifying a 
power supplied to a heating element or other aerosol­
generating component, modifying a control strategy, for 
example by modifying a target temperature or the duration 
of application of power to a heater or other aerosol-gener­
ating component, modifying the supply of one or more 
aerosol-forming substrates to an aerosol-generating element 
or into the gas flow path, or modifying the dimensions of a 
gas flow path. 
[0059] If the initial puffing behaviour of a user matches 
particular stored user puff data, and that stored puff data is 
associated with particular control parameters for the device, 
those control parameters can be adopted for the duration of 
the operation of the device until the device is disabled or 
switched off. 
[0060] In this way, operation of the device can be opti­
mised for particular user behaviours. If it is determined that 
the user has started with a particular type of puffing behav­
iour, the device can control operation of the device for the 
duration of the operation of the device based on the assump­
tion that the user will continue with the same puffing 
behaviour for the duration of that session of use. 
[0061] In a fourth aspect of the invention, there is provided 
a computer program product which when executed on a 
programmable controller in an inhaling device, the inhaling 
device comprising a gas flow path through which gas can be 
drawn by the action of a user puff, a gas flow sensor within 
the gas flow path and a memory, performs the method of the 
first aspect of the invention. 
[0062] In a fifth aspect of the invention, there is provided 
a computer program product which when executed on a 
programmable controller in an inhaling device, the inhaling 
device comprising a gas flow path through which gas can be 
drawn by the action of a user puff, a gas flow sensor within 
the gas flow path and a memory, performs the method of the 
third aspect of the invention. 
[0063] Features described in relation to one aspect of the 
invention may be applicable to another aspect of the inven­
tion. 
[0064] The invention will be further described, by way of 
example only, with reference to the accompanying drawings, 
in which: 
[0065] FIG. 1 illustrates a first example of an electrically 
operated smoking system in accordance with the invention; 
[0066] FIG. 2 illustrates a puff profile through a device of 
the type illustrated in FIG. 1; 
[0067] FIG. 3 illustrate possible puff profiles used as puff 
signatures; 
[0068] FIG. 4 is flow diagram of a set-up procedure for 
recording a user puff signature; 
[0069] FIG. 5 is a flow chart of an authentication process 
in accordance with the invention; 
[0070] FIG. 6 is a flow chart of illustrating a process of 
selecting an operation mode based on use puff data; and 
[0071] FIG. 7 illustrates a second example of an electri­
cally operated smoking system in accordance with the 
invention. 
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[0072] FIG. 1 shows one example of an inhaling device 
and in accordance with the invention, which is electrically 
operated aerosol generating system. In FIG. 1, the system is 
a smoking system. The smoking system 100 of FIG. 1 
comprises a housing 101 having a mouthpiece end 103 and 
a body end 105. In the body end, there is provided an electric 
power supply in the form of battery 107 and electric control 
circuitry 109. The electric control circuitry comprises a 
programmable microprocessor and a non-volatile memory 
and may include other electrical components as well. A puff 
detection system 111 in the form of a gas flow sensor is also 
provided in cooperation with the electric control circuitry 
109. In the mouthpiece end, there is provided a liquid 
storage portion in the form of cartridge 113 containing liquid 
115, a capillary wick 117 and a heater 119. Note that the 
heater is only shown schematically in FIG. 1. In the exem­
plary embodiment shown in FIG. 1, one end of capillary 
wick 117 extends into cartridge 113 and the other end of 
capillary wick 117 is surrounded by the heater 119. The 
heater is connected to the electric control circuitry via 
connections 121, which may pass along the outside of 
cartridge 113 (not shown in FIG. 1). The housing 101 also 
includes an air inlet 123, an air outlet 125 at the mouthpiece 
end, an aerosol-forming chamber 127, an LED indicator 
129, a USB port 131 and a button 133. 
[0073] In the embodiment shown in FIG. 1, the electric 
control circuitry 109 and puff detection system 111 are 
programmable. The electric control circuitry 109 and puff 
detection system 111 are used to manage operation of the 
aerosol generating system. This assists with control of the 
particle size in the aerosol. 
[0074] FIG. 1 shows one example of an electrically oper­
ated aerosol generating system according to the present 
invention. Many other examples are possible, however. In 
addition, note that FIG. 1 is schematic in nature. In particu­
lar, the components shown are not to scale either individu­
ally or relative to one another. The aerosol generating system 
needs to include or receive an aerosol-forming substrate. 
The aerosol generating system requires some sort of aerosol 
generating element, such as a heater or vibrating transducer, 
for generating aerosol from the aerosol-forming substrate. 
But other aspects of the system could be changed. For 
example, the overall shape and size of the housing could be 
altered. Moreover, the system may not include a capillary 
wick. 
[0075] However, in the embodiment illustrated in FIG. 1, 
the system does include a capillary wick for conveying 
liquid substrate from a storage portion to at least one heating 
element. The capillary wick can be made from a variety of 
porous or capillary materials and preferably has a known, 
pre-defined capillarity. Examples include ceramic- or graph­
ite-based materials in the form of fibres or sintered powders. 
Wicks of different porosities can be used to accommodate 
different liquid physical properties such as density, viscosity, 
surface tension and vapour pressure. The wick must be 
suitable so that the required amount of liquid can be deliv­
ered to the heater. The heater may comprise at least one 
heating wire or filament extending around the capillary 
wick. 
[0076] Alternatively, the heater may comprise a heating 
element that is arranged adjacent the wick or directly 
adjacent a liquid aerosol-forming substrate reservoir. In 
particular the heater may be a substantially flat. As used 
herein, "substantially flat" refers to a heater that is in the 
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form of a substantially two dimensional topological mani­
fold. Thus, the substantially flat heater extends in two 
dimensions along a surface substantially more than in a third 
dimension. In particular, the dimensions of the substantially 
heater in the two dimensions within the surface is at least 5 
times larger than in the third dimension, normal to the 
surface. An example of a substantially flat heater is a 
structure between two substantially parallel surfaces, 
wherein the distance between these two surfaces is substan­
tially smaller than the extension within the surfaces. In some 
embodiments, the substantially flat heater is planar. In other 
embodiments, the substantially flat heater is curved along 
one or more dimensions, for example forming a dome shape 
or bridge shape. 
[0077] The heater may comprise a plurality of heater 
filaments. The term "filament" is used throughout the speci­
fication to refer to an electrical path arranged between two 
electrical contacts. A filament may arbitrarily branch off and 
diverge into several paths or filaments, respectively, or may 
converge from several electrical paths into one path. A 
filament may have a round, square, flat or any other form of 
cross-section. A filament may be arranged in a straight or 
curved manner. 
[0078] The plurality of filaments may be an array of 
filaments, for example arranged parallel to each other. The 
filaments may form a mesh. The mesh may be woven or 
non-woven. The plurality of filaments may be positioned 
adjacent to or in contact with a capillary material holding the 
aerosol-forming substrate. The filaments may define inter­
stices between the filaments and the interstices may have a 
width of between 10 µm and 100 µm. The filaments may 
give rise to capillary action in the interstices, so that in use, 
liquid to be vapourised is drawn into the interstices, increas­
ing the contact area between the heater assembly and the 
liquid. 
[0079] In one example, the heater comprises a mesh of 
filaments formed from 304L stainless steel. The filaments 
have a diameter of around 16 µm. The mesh is connected to 
electrical contacts that are separated from each other by a 
gap and are formed from a copper foil having a thickness of 
around 30 µm. The electrical contacts are provided on a 
polyimide substrate having a thickness of about 120 µm. The 
filaments forming the mesh define interstices between the 
filaments. The interstices in this example have a width of 
around 37 µm, although larger or smaller interstices may be 
used. Using a mesh of these approximate dimensions allows 
a meniscus of aerosol-forming substrate to be formed in the 
interstices, and for the mesh of the heater assembly to draw 
aerosol-forming substrate by capillary action. The heater is 
placed in contact with a capillary material holding a liquid 
aerosol-forming substrate. The capillary material is held 
within a rigid housing and the heater extends across an 
opening in the housing. 
[0080] Referring again to the embodiment of FIG. 1, in 
use, operation is as follows. Liquid 115 is conveyed by 
capillary action from the cartridge 113 from the end of the 
wick 117 which extends into the cartridge to the other end 
of the wick which is surrounded by heater 119. When a user 
draws on the aerosol generating system at the air outlet 125, 
ambient air is drawn through air inlet 123. In the arrange­
ment shown in FIG. 1, the puff detection system 111 senses 
the puff and activates the heater 119. The battery 107 
supplies electrical energy to the heater 119 to heat the end of 
the wick 117 surrounded by the heater. The liquid in that end 
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of the wick 117 is vaporized by the heater 119 to create a 
supersaturated vapour. At the same time, the liquid being 
vaporized is replaced by further liquid moving along the 
wick 117 by capillary action. (This is sometimes referred to 
as "pumping action".) The supersaturated vapour created is 
mixed with and carried in the air flow from the air inlet 123. 
In the aerosol-forming chamber 127, the vapour condenses 
to form an inhalable aerosol, which is carried towards the 
outlet 125 and into the mouth of the user. 

[0081] FIG. 2 illustrates the temporal profile 200 of a user 
puff. The air flow rate past the puff detection system is 
indicated on the y-axis and the time is indicated on the 
x-axis. The puff profile 200 has a complex shape, with two 
local maximum flow rates and a local minimum flow rate. As 
can be seen from FIG. 2, the puff can be characterised by 
many different parameters. For example the total duration of 
the puff is indicated by flTl, the time to the first local 
maximum is indicated by fl T2, the time to the second local 
maximum is indicated by flT3, the time to the local mini­
mum is flT4, the time between the maximum flow rate and 
the end of the puff is fl TS and the time between local 
maxima is fl T6. Also indicated on FIG. 2 is the average flow 
rate during the puff and the rates of change of flow rate 
during the puff. Slope 1 is the rate of change of flow rate 
until the first local maximum, Slope 2 is the rate of change 
of flow rate between the first local maximum and the 
subsequent local minimum, Slope 3 is the rate of change of 
flow rate between the local minimum and the second local 
maximum and Slope 4 is the rate of change of flow rate 
between the second local maximum and the end of the puff. 
Also shown in FIG. 2 is the Peak flow 2 which is the value 
of the first local maximum flow and Peak flow 1 which is the 
value of the second local maximum flow and is the overall 
maximum flow rate during the puff. All of these parameters 
and more, such as the curvature of the plot or the total air 
volume of the puff (the area under the curve) can be used as 
parameters that characterise the puff and can be used in the 
authentication of a user or in order to determine an opera­
tional mode for the system. 

[0082] In one embodiment, before use, the system is 
configured to carry out an authentication procedure so that 
only authorised users can operate the system. The authen­
tication procedure is based on the user's puffing behaviour. 
In order to authenticate a user, the user must first record a 
user puff signature, which is a record of puffing behaviour 
over short but predetermined time period. FIG. 3 illustrates 
three exemplary puff signatures 300, 310, 320. The puff 
signatures may be recorded in the memory as flow rate 
measurements or alternatively may be stored as one or more 
parameters, of the type described above, extracted from the 
flow rate measurements. To be most distinctive a user may 
choose unusual and pronounced puffing behaviour as a 
signature, including several local flow rate peaks. 

[0083] FIG. 4 is a flow diagram of a set-up procedure in 
which a user puff signature is recorded. In a first step 400 a 
set-up procedure is started. The set-up procedure may be 
started by holding down button 133 for at least 2 seconds. To 
avoid unauthorised users recording puff signatures, this may 
be possible only before the first use of the device or after a 
device reset has been carried out when the device is con­
nected to a computer through the USB port 131. Once the 
set-up procedure has been started, in step 410 the controller 
109 activates indicator 129 when it is ready to begin 
recording a puff signature. The user then puffs on the 
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mouthpiece 125 and flow rate measurements are taken by 
the puff detector in step 420 for a predetermined period 
following the activation of the indicator 129. The flow rate 
measurements are stored in memory in step 430 as a puff 
signature. As explained, the puff signature can be stored as 
flow rate measurements or as one or more parameters 
extracted from the flow rate measurements using an algo­
rithm executed by the microprocessor. The set-up procedure 
ends in step 440. The end of the set-up procedure can be 
indicated to the user by activating the LED 129 again. 

[0084] As an alternative to the process of FIG. 4, a user 
puff signature may be recorded during first operation of the 
device, or the first few operations of the device, without 
requiring a set-up procedure. The natural puffing behaviour 
of a user may be unique enough to allow for authentication 
based on the first few moments of puffing. In that case, it 
may be particularly advantageous to continually update the 
user puff signature following each successful authentication. 
The greater the sample size on which the puff signature is 
based, the more reliable the authentication procedure is 
likely to be. Using the natural puffing behaviour of a user to 
generate a signature has the advantage of user convenience 
and minimises any delay between switching the device on 
and delivering aerosol to the user. 

[0085] FIG. 5 illustrates how the user puff signature can be 
used in an authentication process. In step 500 a user switches 
the device on. In step 510 the device then provides an 
indication to the user that the authentication procedure 
should begin, for example by activating indicator 129. The 
device then begins recording flow rate measurements in step 
520. In step 530 the controller extracts from the recorded 
flow rate measurements the parameters to be used for 
comparison with the user puff signature(s). This step can 
include determining when the user starts the authentication 
process by puffing on the mouthpiece and taking flow rate 
measurement data for a following predetermined time 
period, matching the time period of the user puff signature. 
In step 540 the controller performs correlation calculations 
between the parameters extracted in step 530 with the stored 
user puff signature. The correlation algorithm used will 
depend on the number and complexity of the parameters 
being used. The correlation calculations result in a correla­
tion score, which may be a single numerical value. For 
example, the correlation score may be derived from a 
weighted sum of correlation results based on each parameter 
being compared, and the coefficients for the weighted sum 
may depend on the values of the correlation results. 

[0086] In step 550 the correlation score is compared to a 
threshold value stored in memory. If the correlation score 
exceeds the threshold the recorded flow rate measurements 
are considered to be a sufficiently good match to the stored 
user puff signature that the user can be authenticated as the 
author of the puff signature. In that case the process passes 
to step 560 in which further operation of the device is 
enabled by the controller storing an enable flag in the 
memory, and the user can enjoy a smoking session. If the 
correlation score does not exceed the threshold then the 
process passes to step 570, in which the operation of the 
device is disabled for a disable T n before another attempt at 
authentication can be made by returning to step 510. The 
device may provide an indication to the user while the 
device is disabled, for example by controlling the indicator 
129 to flash. 
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[0087] The disable time may be determined by an authen­
tication counter value n. Each time an unsuccessful attempt 
is made to match a user puff signature the counter value is 
incremented by one. When a successful authentication is 
made the counter value is reset to one. As the value of n 
increases the disable time is increased, until n reaches a 
maximum value of 5 for example. At the maximum counter 
value the device is permanently disabled until a reset opera­
tion is performed. A reset operation can be made to require 
an alternative form of authentication. For example, the 
device may be connected to a computer through the USB 
port and the user required to enter a password or some other 
form of user identification into the computer in order to reset 
the device. 

[0088] The device may store several user puff signatures 
in memory corresponding to different authorised users or 
different user profiles from the same user. When several user 
puff signatures are stored in memory the correlation calcu­
lation of step 540 are carried out in relation to each stored 
puff signature to provide a plurality of correlation scores. 
The highest correlation score is then selected for comparison 
with the threshold in step 550. 

[0089] The operational parameters of the device, such as 
the amount of power supplied to the heater during user puffs 
and the times at which power is switched on and off, can be 
adjusted for particular users. So, once a user has been 
authenticated in step 550, the controller may select an 
operational mode associated with that user. For example, 
during a registration process, while the device is connected 
to a computer, the user may be able to set user preferences 
or may complete a questionnaire about their smoking habits. 
This information may be used to set a user profile that is 
stored in the memory of the device and which determines the 
operational parameters used by the device for that user. A 
single user may store several different profiles and provide 
a different puff signature for each one. So a user may use one 
puff signature for their preferences for smoking in the 
morning and another puff signature for their preferences for 
smoking when on a night out. 

[0090] FIG. 6 illustrates another, related aspect of the 
invention. In the process of FIG. 6, rather than using a stored 
user specific puff signature to determine an operation mode 
for the device, previously recorded user puffing data is used 
to predict the course of the smoking session. If the initial 
puffing behaviour of a user matches the initial puffing 
behaviour of a previous session, then the device operation is 
optimised on the assumption that the user puffing behaviour 
will continue to match that earlier smoking session. 

[0091] In step 600 a smoking session is started. This may 
be after an authentication process of the type described with 
reference to FIG. 5 has been carried out. During the first user 
puff the gas flow rate past the gas flow sensor is recorded. 
In step 620 particular parameters for comparison with stored 
data are extracted from the gas flow rate measurements, in 
the same manner as described with step 530 of FIG. 5. In 
step 630 the extracted parameters are correlated to the 
parameters extracted from previous smoking sessions to 
provide a plurality of correlation scores. The correlation 
score corresponding to the best match is selected and in step 
640 the mode of operation of the device selected based on 
the assumption that the user puff behaviour will match the 
previous puff behaviour associated with the matched param­
eters. The mode selection operation ends at step 650. 
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[0092] It is of course possible that the stored data in the 
process of FIG. 6 is not user specific but generic data stored 
in memory at the time of manufacture. The device could 
have several stored profiles, such as "intense puffing", "short 
puffing", "long puffing" etc. associated with particular initial 
puffing parameters. The profile having the best match to the 
initial puffing behaviour of the user is then selected. 
[0093] FIG. 7 the components of an alternative embodi­
ment of an electrically heated aerosol-generating device 700 
are shown in a simplified manner. The embodiment of FIG. 
7 is electrically heated tobacco device in which a tobacco 
based solid substrate is heated, but not combusted, to 
produce an aerosol for inhalation. The elements of the 
electrically heated aerosol-generating device 700 are not 
drawn to scale in FIG. 7. Elements that are not relevant for 
the understanding of this embodiment have been omitted to 
simplify FIG. 7. 
[0094] The electrically heated aerosol-generating device 
700 comprises a housing 703 and an aerosol-forming sub­
strate 710, for example a cigarette. The aerosol-forming 
substrate 710 is pushed inside a cavity 705 formed by the 
housing 703 to come into thermal proximity with the heater 
701. The aerosol-forming substrate 710 releases a range of 
volatile compounds at different temperatures. By controlling 
the operation temperature of the electrically heated aerosol­
generating device 700 to be below the release temperature of 
some of the volatile compounds, the release or formation of 
these smoke constituents can be avoided. 
[0095] Within the housing 703 there is an electrical energy 
supply 707, for example a rechargeable lithium ion battery. 
A controller 709 is connected to the heater 701, the electrical 
energy supply 707, and a user interface 715, for example a 
button and display. The controller 709 controls the power 
supplied to the heater 701 in order to regulate its tempera­
ture. An aerosol-forming substrate detector 713 may detect 
the presence and identity of an aerosol-forming substrate 
710 in thermal proximity with the heater 701 and signals the 
presence of an aerosol-forming substrate 710 to the control­
ler 709. The provision of a substrate detector is optional. 
[0096] An airflow sensor 711 is provided within the hous­
ing and connected to the controller 709, to detect the airflow 
rate through the device. 
[0097] The controller 709 controls the maximum opera­
tion temperature of the heater 701 by regulating the supply 
of power to the heater. The temperature of the heater can be 
detected by a dedicated temperature sensor. Alternatively, in 
the illustrated embodiment the temperature of the heater is 
determined by monitoring its electrical resistivity. The elec­
trical resistivity of a length of wire is dependent on its 
temperature. Resistivity p increases with increasing tem­
perature. The actual resistivity p characteristic will vary 
depending on the exact composition of the alloy and the 
geometrical configuration of the heater 701, and an empiri­
cally determined relationship can be used in the controller. 
Thus, knowledge of resistivity p at any given time can be 
used to deduce the actual operation temperature of the heater 
701. 
[0098] In the described embodiment the heater 701 is an 
electrically resistive track or tracks deposited on a ceramic 
substrate. The ceramic substrate is in the form of a blade and 
is inserted into the aerosol-forming substrate 710 in use. 
[0099] The recording of a puff signature and extraction of 
puff characteristics in the system of FIG. 7 operates in the 
same way as described with reference to FIGS. 1 to 6. 
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However, with the addition of a substrate detector 713 it is 
possible to use information about the substrate to modify the 
correlation process to account for different resistances to 
draw (RTD) that different substrates provide. Substrates 
with higher RTD will give rise to lower gas flow rates 
through the system for a given user effort. 
[0100] Although the invention has been described with 
reference to two different types of electrical smoking sys­
tems, it should be clear that it is applicable to other inhaling 
devices. 
[0101] It should also be clear that the invention may be 
implemented as a computer program product for execution 
on programmable controllers within existing inhaling 
devices having a gas flow sensor. The computer program 
product may be provided as a downloadable piece of soft­
ware or on a computer readable medium such as a compact 
disc. 

1.-15. ( canceled) 
16. A method of controlling operation of an inhaling 

device, the inhaling device comprising a gas flow path 
through which gas can be drawn by action of a user puff, a 
gas flow sensor within the gas flow path, and a memory, the 
method comprising: 

recording gas flow measurements from the gas flow 
sensor; 

comparing the gas flow measurements with a user puff 
signature stored in the memory to provide a correlation 
score; and 

enabling or disabling further operation of the inhaling 
device based on a value of the correlation score. 

17. The method according to claim 16, further compris­
ing: 

recording the user puff signature based on signals from the 
gas flow sensor during a set-up procedure; and 

storing the user puff signature in the memory. 
18. The method according to claim 17, wherein the step 

of recording the user puff signature further comprises 
recording a gas flow rate past the gas flow sensor for a first 
predetermined time period. 

19. The method according to claim 18, wherein the step 
of recording the user puff signature further comprises pro­
viding an indication to the user of a start of the first 
predetermined time period. 

20. The method according to claim 17, wherein the step 
of recording gas flow measurements further comprises 
recording a gas flow rate past the gas flow sensor for a 
second predetermined time period. 

21. The method according to claim 20, wherein the step 
of recording the gas flow measurements further comprises 
providing an indication to user of a start of the second 
predetermined time period. 

22. The method according to claim 16, wherein the step 
of enabling or disabling further operation of the inhaling 
device comprises comparing the correlation score with a 
threshold score and enabling further operation of the inhal­
ing device if the correlation score exceeds the threshold 
score. 

23. The method according to claim 16, further comprising 
a step of modifying the user puff signature based on the gas 
flow measurements if the correlation score exceeds the 
threshold score. 
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24. The method according to claim 16, wherein the step 
of comparing the gas flow measurements with the user puff 
signature comprises comparing one or more of the following 
parameters: 

time to end of puff, time to peak flow rate, time to first 
maximum flow rate, time to first minimum flow rate, 
time between peak flow rates, rate of change of flow 
rate, number of peak flow rates, flow rate at peak flow 
rates, puff volume, peak flow ratios, rate of change of 
flow rate ratios, inter puff interval, and curve shape. 

25. The method according to claim 16, further comprising 
modifying the recorded user puff signature dependent on a 
time of day prior to the step of comparing the gas flow 
measurements with the user puff signature. 

26. The method according to claim 16, wherein the step 
of disabling the inhaling device comprises disabling the 
inhaling device for a predetermined disable time period. 

27. The method according to claim 16, further comprising 
storing a plurality of user puff signatures, wherein the step 
of comparing the gas flow measurements with the user puff 
signature further comprises comparing the gas flow mea­
surements with each puff signature of the plurality of user 
puff signatures to provide a plurality of correlation scores, 
and modifying the operation of the inhaling device operation 
dependent on which correlation score of the plurality of 
correlation scores is highest. 

28. A nontransitory computer-readable storage medium 
having a computer program stored thereon, which when 
executed on a programmable controller in an inhaling 
device, the inhaling device comprising a gas flow path 
through which gas can be drawn by action of a user puff, a 
gas flow sensor within the gas flow path, and a memory, 
performs a method comprising: 

recording gas flow measurements from the gas flow 
sensor; 

comparing the gas flow measurements with a user puff 
signature stored in the memory to provide a correlation 
score; and 

enabling or disabling further operation of the inhaling 
device based on a value of the correlation score. 

29. An inhaling device, comprising: 

a controller configured to control operation of the inhaling 
device; 

a gas flow path through which gas can be drawn by action 
of a user puff; 

a gas flow sensor disposed within the gas flow path; and 

a memory, 

wherein the controller is configured to compare a user puff 
signature stored in the memory with gas flow measure­
ments from the gas flow sensor to generate a correlation 
score, and is further configured to enable or disable 
operation of the inhaling device based on a value of the 
correlation score. 

30. The inhaling system according to claim 29, wherein 
the inhaling system in an electrically operated smoking 
system. 

* * * * * 




