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An apparatus, a method, a system and a computer program for estimating a number of Estimates of number

people within a location is provided. The estimation comprises obtaining a plurality of of mobile

estimates of the nhumber of mobile transmitters and respective estimates of the number of transmitters and

people within a first location (112) during a first period of time, and determining a mapping number of people

function providing a mapping between an estimate of the number of mobile transmitters at

a location and an estimate of the number of people at the location on basis of the plurality 310

of estimates of the number of mobile transmitters and the respective plurality of estimates 1

of the number of people for determination of a second estimate of the number of people { Detector ‘ 300
within a second location (112, 114) during a second period of time on basis of a second f
estimate of the number of mobile transmitters obtained at the second location (112, 114) 520 1 i

during the second period of time, wherein an estimate of the number of mobile transmitters Estimator ‘
comprises indications of the number of mobile transmitters of one or more different types.

Toteutetaan laite, menetelma, jarjestelma ja tietokoneohjelma paikan henkilémaaréan
arvioimiseksi. Mainitussa arvioinnissa muodostetaan useita arvioita mobiililahettimien
maarasta ja vastaavia arvioita ihmisten maarasta erddssa ensimmaisessa paikassa (112)
erdan ensimmaisen ajanjakson aikana ja maaritetadn kuvausfunktio, joka toteuttaa
kuvauksen erdésséa paikassa olevien mobiililahettimien maaraa koskevan arvion ja
mainitussa paikassa olevien ihmisten maaraa koskevan arvion vélille mainittujen useiden,
mobiilildhettimien méaaraa koskevien ja ihmisten maaraa koskevien arvioiden perusteella,
jotta voidaan maéarittda toinen arvio toisessa paikassa (112, 114) toisen ajanjakson aikana
olevien ihmisten maarasta toisen, mainitussa toisessa paikassa (112, 114) toisen
ajanjakson aikana olevien mobiililahettimien méaraa koskevan arvion perusteella, missa
mobiilildhettimien maaraa koskeva arvio ilmoittaa yhta tai useampaa eri tyyppié olevien
mobiililahettimien maarat.

v
Mapping function
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A method, an apparatus and a system for estimating a number of people
in a location

FIELD OF THE INVENTION

The invention relates to estimation of the number of persons in a location. In
particular, the invention relates to a method, an apparatus, a system and com-
puter program making use of estimated number of mobile radio transmitters
together with auxiliary information, such as information derived on basis of im-
age analysis, for estimating a number of persons in a location and/or for cali-
bration of the estimation

BACKGROUND OF THE INVENTION

A growing number of industries are benefitting on detailed people flow man-
agement and monitoring, e.g. in form of customer flow information. Such indus-
tries include digital signage, retail, theme parks, public transport, fairs, muse-
ums, etc. Examples of solutions addressing people flow management include
traditional “person counter” solutions and e.g. elevator led based solutions.

Recently, solutions utilizing radio connectivity as basis of the person counting
have been introduced. Radio-based solutions may utilize local connectivity
such as WiFi or Bluetooth with the assumption that a sensed WiFi transmitter
or Bluetooth transmitter corresponds to a person carrying a device as an origin
of the respective transmission. While such radio-based solutions are gaining
ground, they suffer from inaccuracies due to the fact that typically only part of
the devices equipped with a WiFi or Bluetooth transmitter/transceiver are in ac-
tive state, thereby leading to an incorrect estimate of the actual number of per-
sons.

In parallel, imaging based solutions may be used for person counting. Such
solutions may make use of machine vision analysis, e.g. face detection within
an image or image analysis of other kind, in order to estimate the number of
persons in an image or in a segment of video data. Imaging based solutions
have the advantage that they may allow, in addition to straightforward person
count estimation, estimation of age and gender of the persons identified in an
image. On the other hand, imaging based solutions typically require careful
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placing of a camera in a fixed position, taking into account light conditions, as-
sumed facial direction of people, etc. thereby resulting in a rather inflexible and
possibly also costly solution.

In related art, US patent application US 2011/295577 A1 discloses systems,
methods, and computer program products for estimating crowd size at a loca-
tion. An exemplary method includes determining, at a crowd size analyzer, a
number of wireless service users at the location, and estimating, at the crowd
size analyzer, a total number of people at the location based upon the number
of wireless service users determined to be at the location.

European patent application EP 2000962 A1 discloses a method of estimating
a number of people, of which at least some carry a mobile communication de-
vice, the method comprising the steps of: counting, at a first location, a first
group of people so as to obtain a first number, counting, at the first location,
the number of enabled mobile communication devices in the first group of
people so as to obtain a second number, determining the ratio of the first num-
ber and second number, counting, at a second location, the number of enabled
communication devices so as to obtain a third number, and using the ratio to
estimate the number of people at the second location. The mobile communica-
tion devices may be arranged for using the Bluetooth TM protocol.

US patent US 7123918 B1 discloses methods and apparatus for providing sta-
tistics on the number, distribution and/or flow of people or devices in a geo-
graphic region based on active wireless device counts are described. Wireless
devices may be of different types, e.g. cell phones, PDAs, etc. Wireless com-
munications centers report the number and type of active devices in the geo-
graphic region serviced by the wireless communications center and/or indicate
the number of devices entering/leaving the serviced region. The active wire-
less device information is correlated to one or more targeted geographical are-
as. Population counts are extrapolated from the device information for the tar-
geted geographic areas.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a method, an apparatus, a system
and a computer program for reliable but yet cost effective arrangement for es-
timating a number of persons in a location.
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The objects of the invention are reached by an apparatus, a method, a system
and a computer program as defined by the respective independent claims.

According to a first aspect of the invention, a first apparatus for estimating a
number of people within a location is provided. The first apparatus comprises a
detector configured to obtain a plurality of estimates of the number of mobile
transmitters and respective estimates of the number of people within a first lo-
cation during a first period of time, and an estimator configured to determine a
mapping function providing a mapping between an estimate of the number of
mobile transmitters at a location and an estimate of the number of people at
the location on basis of the plurality of estimates of the number of mobile
transmitters and the plurality of estimates of the number of people for determi-
nation of a second estimate of the number of people within a second location
during a second period of time on basis of a second estimate of the number of
mobile transmitters obtained at the second location during the second period
of time, wherein an estimate of the number of mobile transmitters comprises
indications of the number of mobile transmitters of one or more different types.

Moreover, according to the first aspect of the invention, a second apparatus for
estimating a number of people within a location is provided. The second appa-
ratus comprises a detector configured to obtain a mapping function configured
to provide mapping between an estimate of the number of mobile transmitters
at a location and an estimate of the number of people at the location, and to
obtain an estimate of the number of mobile transmitters within a second loca-
tion during a second period of time, wherein an estimate of the number of mo-
bile transmitters comprises indications of the number of mobile transmitters of
one or more different types. The second apparatus further comprises an esti-
mator configured to determine an estimate of the number of people within the
second location during the second period of time on basis of the estimate of
the number of mobile transmitters within the second location during the second
period of time by using the mapping function.

According to a second aspect of the invention, a first method for estimating a
number of people within a location is provided. The first method comprises ob-
taining a plurality of estimates of the number of mobile transmitters and re-
spective estimates of the number of people within a first location during a first
period of time, and determining a mapping function providing a mapping be-
tween an estimate of the number of mobile transmitters at a location and an
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estimate of the number of people at the location on basis of the plurality of es-
timates of the number of mobile transmitters and the respective plurality of es-
timates of the number of people for determination of a second estimate of the
number of people within a second location during a second period of time on
basis of a second estimate of the number of mobile transmitters obtained at
the second location during the second period of time, wherein an estimate of
the number of mobile transmitters comprises indications of the number of mo-
bile transmitters of one or more different types.

Moreover, according to the second aspect of the invention, a second method
for estimating a number of people is provided, the second method making use
of the outcome of the first method. The second method comprises obtaining a
mapping function configured to provide mapping between an estimate of the
number of mobile transmitters at a location and an estimate of the number of
people at the location, obtaining an estimate of the number of mobile transmit-
ters within a second location during a second period of time, and determining
an estimate of the number of people within the second location during the se-
cond period of time on basis of the estimate of the number of mobile transmit-
ters within the second location during the second period of time by using the
mapping function, wherein an estimate of the number of mobile transmitters
compirises indications of the number of mobile transmitters of one or more dif-
ferent types.

According to a third aspect of the invention, a system for estimating a number
of people within a location is provided. The system comprises a first detector
configured to obtain a plurality of estimates of the number of mobile transmit-
ters and respective estimates of the number of people within a first location
during a first period of time, a first estimator configured to determine a mapping
function providing a mapping between an estimate of the number of mobile
transmitters at a location and an estimate of the number of people at the loca-
tion on basis of the plurality of estimates of the number of mobile transmitters
and the plurality of estimates of the number of people for determination of a
second estimate of the number of people within a second location during a se-
cond period of time on basis of a second estimate of the number of mobile
transmitters obtained at the second location during the second period of time,
a second detector configured to obtain a mapping function configured to pro-
vide mapping between an estimate of the number of mobile transmitters at a
location and an estimate of the number of people at the location, and to obtain
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an estimate of the number of mobile transmitters within a second location dur-
ing a second period of time; and a second estimator configured to determine
an estimate of the number of people within the second location during the se-
cond period of time on basis of the estimate of the number of mobile transmit-
ters within the second location during the second period of time by using the
mapping function, wherein an estimate of the number of mobile transmitters
comprises indications of the number of mobile transmitters of one or more dif-
ferent types.

According to a fourth aspect of the invention, a computer program for estimat-
ing a number of people within a location is provided. The computer program
comprises one or more sequences of one or more instructions which, when
executed by one or more processors, cause an apparatus to at least perform a
method in accordance with the second aspect of the invention.

The computer program may be embodied on a volatile or a non-volatile com-
puter-readable record medium, for example as a computer program product
comprising at least one computer readable non-transitory medium having pro-
gram code stored thereon, the program code, which when executed by an ap-
paratus, causes the apparatus at least to perform the operations described
hereinbefore for the computer program in accordance with the fourth aspect of
the invention.

Embodiments of the invention facilitate improved accuracy of people flow
management in context of radio signal based people flow management solu-
tions by making use of auxiliary information to calibrate the estimate of the
person count provided by a radio signal based arrangement.

The exemplifying embodiments of the invention presented in this patent appli-
cation are not to be interpreted to pose limitations to the applicability of the ap-
pended claims. The verb "to comprise" and its derivatives are used in this pa-
tent application as an open limitation that does not exclude the existence of al-
so unrecited features. The features described hereinafter are mutually freely
combinable unless explicitly stated otherwise.

The novel features which are considered as characteristic of the invention are
set forth in particular in the appended claims. The invention itself, however,
both as to its construction and its method of operation, together with additional
objects and advantages thereof, will be best understood from the following de-
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tailed description of specific embodiments when read in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically illustrates an exemplifying scenario for estimation of the
number of people within a location.

Figure 2 schematically illustrates an apparatus according to an embodiment of
the invention.

Figure 3a schematically illustrates an apparatus according to an embodiment
of the invention.

Figure 3b schematically illustrates an apparatus and an arrangement accord-
ing to an embodiment of the invention.

Figure 4 schematically illustrates an apparatus according to an embodiment of
the invention.

Figure 5a schematically illustrates an apparatus according to an embodiment
of the invention.

Figure 5b schematically illustrates an apparatus and an arrangement accord-
ing to an embodiment of the invention.

Figure 6 schematically illustrates an apparatus according to an embodiment of
the invention.

Figure 7 schematically illustrates an apparatus according to an embodiment of
the invention.

Figure 8 illustrates a method according to an embodiment of the invention.
Figure 9 illustrates a method according to an embodiment of the invention.
DETAILED DESCRIPTION

Figure 1 schematically illustrates an exemplifying scenario 100 for estimation
of the number of people within a location. The scenario 100 comprises a phys-
ical space 110, which in turn comprises a first location 112 and a second loca-
tion 114. The physical space 110 may comprise any number of locations that
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may be considered distinct from each other. However the first location 112 and
the second location 114 suffice for the purposes of illustrating an exemplifying
scenario serving as an exemplifying use case for the present invention. More-
over, although in the scenario 100 the first location 112 and the second loca-
tion 114 are depicted as locations within the same physical space, in general
case the first and second locations 112, 114 do not necessarily have physical
relationship with each other.

The first location 112 comprises a radio detector 130 configured to detect in-
formation regarding the mobile transmitters in mobile devices within the first lo-
cation 112 at predetermined moments of time. The first location 112 further
comprises a server apparatus 124, which may be for example a wireless ac-
cess point with which some of the mobile devices 120 may communicate with.
Moreover, the first location 112 comprises an imaging unit 140 configured to
capture one or more images of the first location 112 at predetermined mo-
ments of time, preferably operating in synchronization with the radio detector
130.

The second location 114 comprises a radio detector 130’ configured to detect
information regarding the mobile transmitters in mobile devices 120" within the
second location 114 at predetermined moments of time. The second location
114 further comprises a server apparatus 124, which may be for example a
wireless access point with which some of the mobile devices 120" may com-
municate with.

The radio detectors 130, 130" are connected via a network 160 to an appa-
ratus 150, and the radio detectors 130, 130’ are configured to provide the de-
tected information regarding the radio transmitters in the respective locations
to the apparatus 150. Similarly, the imaging unit 140 is connected via the net-
work 160 to the apparatus 150, and the imaging unit 140 is configured to pro-
vide the captured images to the apparatus 150. The apparatus 150 is config-
ured to store and/or process the information received from the radio detectors
130, 130’ and from the imaging unit 140.

Note that although the radio detectors 130, 130, the imaging unit 140 and the
apparatus 150 are depicted in the exemplifying arrangement 100 as separate
apparatus and/or units, e.g. any combination of the radio detector 130, the im-
aging unit 140 and the apparatus 150 may be embodied on a single apparatus.
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Figure 2 schematically illustrates an apparatus 300 for estimating a number of
people within a location. The apparatus 300 comprises a detector 310 and an
estimator 320, operatively coupled to the detector 310. The apparatus 300
may comprise further components or units, such as a processor, a memory, a
user interface, a communication interface, etc. In particular, the apparatus 300
may receive input from one or more external processing units and/or apparat-
uses and the apparatus 300 may provide output to one or more external pro-
cessing units and/or apparatuses. The apparatus 300 may be for example the
apparatus 150 of the exemplifying scenario 100 illustrated in Figure 1.

The detector 310 is configured to obtain a plurality of estimates of the number
of mobile transmitters and respective estimates of the number of people within
a first location during a first period of time, wherein an estimate of the number
of mobile transmitters comprises indications of the number of mobile transmit-
ters of one or more different types. A mobile transmitter may be a part of a
transceiver, i.e. a unit comprising both a transmitter and a receiver, or a mobile
transmitter may be a dedicated transmitter. In particular, mobile transmitters of
interest may be mobile wireless transmitters hosted by a handheld device such
as a mobile phone, e.g. wireless local area network (WLAN) transmitters in ac-
cordance with the IEEE 802.11 standard, Bluetooth transmitters, Bluetooth low
energy transmitters, cellular transmitters according to a GSM, a WCDMA or a
LTE standard, radio frequency identification (RFID) chips operating in accord-
ance with an electronic product code (EPC) standard or a near field communi-
cation (NFC) standard, etc. The first location may be for example the first loca-
tion 112 of the exemplifying arrangement 100.

The estimator 320 is configured to determine a mapping function providing a
mapping between an estimate of the number of mobile transmitters at a loca-
tion and an estimate of the number of people at the location. The estimator
320 is configured to determine the mapping function on basis of the plurality of
estimates of the number of mobile transmitters and the respective plurality of
estimates of the number of people, and the mapping function is usable for de-
termination of a second estimate of the number of people within a second loca-
tion during a second period of time on basis of a second estimate of the num-
ber of mobile transmitters obtained at the second location during the second
period of time. The second location may be for example the second location
114 of the exemplifying arrangement 100, or the second location may be (es-
sentially) the same as the first location at a different period of time...
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The apparatus 300, for example the estimator 320, may be configured to pro-
vide the mapping function or parameters determining the mapping function as
an output. The estimator 320 may be configured to provide the output to an-
other processing unit of the apparatus 300 to provide the output to another ap-
paratus and/or to store the output to a memory in the apparatus 300 or in an-
other apparatus.

The detector 310 may be configured to obtain the plurality of estimates of the
number of mobile transmitters of one or more types at a given moment of time
such that an estimate comprises a separate indication of the number of mobile
transmitters of each of the one or more types. The plurality of estimates may
correspond to a plurality of moments of time during the first period of time de-
noted by T7. Hence, assuming K estimates to be obtained for the period 74, the
detector 310 may be configured to obtain an estimate of the number of mobile
transmitters at moments of time indicted by ¢, where i=1, 2, ..., K. The esti-
mates may be obtained for regularly or essentially regularly spaced moments
of time, i.e. at i, = T+/Kintervals. Instead of regularly spaced moments of time,
the detector 310 may equally well be configured to obtain the K estimates de-
termined according to a different temporal pattern during the period 74, e.g. at
random intervals summing up to the duration of the period T;. On the other
hand, the number of estimates K during the period T; may not be a predeter-
mined number but the detector 310 may be configured to obtain any number of
estimates falling within the period 7.

An estimate of the number of mobile transmitters may comprise indication of
the overall number of mobile transmitters N; at the moment of time denoted by
fi. In case only a single type of mobile transmitters is considered or all mobile
transmitters are considered as a single type, an estimate may comprise a sin-
gle piece of information, i.e. N;indicating the number of mobile transmitters at
time .

Additionally or alternatively, an estimate of the number of mobile transmitters
may comprise a separate indication of the number of mobile transmitters of two
or more different types. Assuming two different types of mobile transmitters, an
estimate of the number of mobile transmitters may comprise an indication of
the number of mobile transmitters of a first type N+ at the moment of time de-
noted by # and an indication of the number of mobile transmitters of a second
type N2 at the moment of time denoted by t. This generalizes into indications
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of L types of mobile transmitters with Nj;, j=1, 2, ..., L, indicating the number
of mobile transmitters of the j:ith type at time .

The detector 310 may be configured to obtain the plurality of estimates of the
number of mobile transmitters as pre-stored data, for example by accessing a
database comprising such information. The database may be stored at the ap-
paratus 300, the database may be hosted by a device hosting also the appa-
ratus 300 or the database may be stored in a remote device, €.g. in a server in
a network. The entries of the database, each corresponding to an observed or
estimated number of mobile transmitters, may comprise for example infor-
mation indicative of the time of observation and an estimate of the number of
mobile transmitters of one or more different types. The detector 310 may be
configured, for example, to obtain from the database the observa-
tions/estimates falling within the period T; on basis of the information indicative
of the time of the respective observation.

Examples of databases comprising information that may be used as basis for
deriving the plurality of estimates of the number of mobile transmitters include
log-information of various WLAN access servers such as servers in accord-
ance a RADIUS protocol and/or a Diameter protocol. Corresponding infor-
mation may also be obtained for example from Address Resolution Protocol
(ARP) table implemented in e.g. a server of a WLAN network. Accurate mobile
transmitter detection from an ARP table can be constructed when ARP infor-
mation is associated with idle time information of the MAC addresses listed in
ARP table. The idle time information is typically available from the same WLAN
network e.g. form a database in a server of the WLAN network.

Alternatively or additionally, the detector 310 may be configured to obtain the
plurality of estimates of the number of mobile transmitters by scanning a pre-
determined frequency band or a number of predetermined frequency bands in
order to detect one or more mobile transmitters and types thereof. The detec-
tor 310 may be configured store the information obtained by scanning for sub-
sequent use by the apparatus 300. The stored information may comprise for
example information indicative of the time of the scan and an estimate of the
number of mobile transmitters of a number of types detected in the scan. The
detector 310 may be configured to store the information obtained by scanning
e.g. in a database of a type described hereinbefore located at the apparatus
300. Alternatively or additionally, the detector 310 may be further configured to
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provide the information obtained in the scan to a database hosted in server
remote from the apparatus 300 to make the information available to other ap-
paratuses.

Instead of the detector 310 performing the scanning, the apparatus 300 may
further comprise a radio detector 350, as schematically illustrated in Figure 3a.
The radio detector 350 may be configured to obtain the plurality of estimates of
the number of mobile transmitters by scanning a predetermined frequency
band or a number of predetermined frequency bands in order to detect one or
more mobile transmitters and types thereof. Alternatively, the radio detector
350 may be provided as an apparatus separate from the apparatus 300 cou-
pled to the apparatus 300, which hence may be configured to obtain the plural-
ity of estimates of the number of mobile transmitters and types thereof from the
radio detector 350. An example of such an arrangement is schematically illus-
trated in Figure 3b. The radio detector 350 may be for example the radio de-
tector 130 or the radio detector 130’ of the exemplifying arrangement 100 illus-
trated in Figure 1.

The radio detector 350 may comprise a WLAN detector and a Bluetooth detec-
tor in a single apparatus, resulting in @ number of advantages, as discussed
hereinafter. An example of the radio detector 350 is schematically illustrated in
Figure 4.

The radio detector 350 comprises a WLAN receiver 352, a processor 354 and
a first communication interface 356. The WLAN receiver 352 may be for ex-
ample a dedicated WLAN receiver or implemented as part of a WLAN trans-
ceiver. The first communication interface 356 may be an Ethernet interface or
other suitable communication interface enabling broadband communication
with other apparatuses, e.g. via a packet switched network. In case the radio
detector 350 is provided as an apparatus separate from the apparatus 300, the
radio detector 350 may be configured to communicate with the apparatus 300
via the first communication interface 356. In particular, the radio detector 350
may be configured to provide the information regarding the plurality of esti-
mates of the number of mobile transmitters to the apparatus 300 via the first
communication interface 356.

The radio detector 350 may further comprise one or more further receivers,
operatively coupled to the processor 354. The further receivers may comprise
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one or more of a second WLAN receiver 364, a Bluetooth receiver 366 and a
cellular receiver 368, e.g. according to a GSM, WCDMA and/or a LTE stand-
ard. As a further example, the further receivers may comprise an RFID chips
operating in accordance with an EPC standard or to a NFC standard. The fur-
ther receivers 364, 366, 368 may be directly coupled to the processor 354, or
the further receivers 364, 366, 368 may be coupled to the processor 354 — and
possibly also to the radio detector 350 — via a second communication interface
358 and/or via an interface component 360 connected to the second commu-
nication interface 358. The second communication interface 358 may com-
prise, for example, one or more USB ports, and the interface component 360
may comprise a USB hub connected to a USB port of the second communica-
tion interface 358. The further receivers 364, 366, 368 may be provided as
dedicated receivers or as parts of respective transceiver.

The radio detector may further comprise a memory 362, either directly con-
nected to the processor 354 or connected to the processor 354 via the second
communication interface 358 and/or via the interface component 360. The pro-
cessor 354 may be configured to access the memory 360 to read and execute
a computer program stored therein, the computer program comprising one or
more sequences of one or more instructions that, when executed by the pro-
cessor 354, cause the radio detector 350 to perform a process described in the
following.

The processor 354 may be configured to cause the WLAN receiver 352 to per-
form WLAN detection and to cause the Bluetooth receiver 366 to perform Blue-
tooth detection. Advantageously, the processor 354 is configured to cause the
radio detector 350 to contact a server, such as a backbone server, via the first
communication interface 356 in order to obtain opt-in or opt-out rules providing
an indication to include or disregard, respectively, a certain mobile transmitter
and/or to obtain one or more mapping rules for mapping an obtained WLAN
device address and an obtained Bluetooth device address to a single mobile
device. An example of such mapping rule is the notion that a certain combina-
tion of organizationally unique identifiers (OUI) for a WLAN transmitter and a
Bluetooth transmitter imply an existing mapping function between a WLAN ad-
dress and a Bluetooth address of the same mobile device. The processor 354
may be configured to analyze detected WLAN and Bluetooth transmitters and
assign the information that a certain pair of detected WLAN and Bluetooth
transmitters is associated with a single mobile device. After the analysis the
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processor 354 may be configured to scramble (e.g. to perform a hash opera-
tion) the WLAN and Bluetooth addresses to ensure privacy: In other words, the
radio detector 350 may be configured to refrain from transmitting or providing
the detected WLAN and/or Bluetooth addresses from the radio detector 350.

The processor 354 may be further configured to obtain adaptive frequency
hopping (AFH) information from the Bluetooth receiver 366 using the host con-
trol interface (HCIl) command “Read AFH Channel Map” provided in the Blue-
tooth standard in order to determine the portions of the frequency band shared
by the WLAN and the Bluetooth transmitters currently employed by the Blue-
tooth receiver 366. The processor 354 may be configured to cause the WLAN
receiver 352 to allocate the time used for scanning the IEEE 802.11 RF chan-
nels of the shared frequency band based on the AFH Channel Map, i.e. on ba-
sis of the portions of the shared frequency band currently employed by the
Bluetooth receiver 366. Consequently, the WLAN receiver 352 may be config-
ured to put more emphasis on scanning those portions of the shared frequency
band not currently used by the Bluetooth receiver 366.

In case the radio detector 350 is provided as an apparatus separate from the
apparatus 300, the radio detector 350 may be configured to employ a WLAN
transceiver comprising the second WLAN receiver 364 instead of the first
communication interface 356 to communicate with the apparatus 300. In such
a scenario the radio detector may be configured to neglect reporting the detec-
tion of the operation of the WLAN transceiver as a detected WLAN transmitter
to the apparatus 300 and/or to the detector 310.

The classification of the mobile transmitters into one or more different types
may involve classification of the observed mobile transmitters into a number of
predetermined types. Consequently, in case one or more mobile transmitters
not falling within any of the predetermined types is observed, such mobile
transmitter may be for example classified to represent an additional type indi-
cating the number of observed mobile transmitters not representing any of the
number of predetermined types. As another example, observed mobile trans-
mitters not representing any of the number of predetermined types may be ig-
nored in the analysis. As a particular further example of the latter approach,
the detector 310 may be configured to estimate only the number of mobile
transmitters of a single predetermined type, whereas the mobile transmitters of
other types are knowingly ignored in the estimation.
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Alternatively, the classification of the mobile transmitters into one or more dif-
ferent types may involve classification of the observed mobile transmitter into
all different types observed in the estimation. While this approach is likely to
provide improved flexibility compared to relying on a number of predetermined
types, the resulting analysis of results, namely determination of a mapping
function (as described in detail hereinafter) may become more complex.

The classification of the mobile transmitters into one or more different types
may involve classification of the mobile transmitters on basis of the communi-
cation technology employed by the mobile transmitter. Different access tech-
nologies may include for example WLAN access in accordance with the IEEE
802.11 standard, Bluetooth access, Bluetooth low energy access, cellular ac-
cess using e.g. a GSM, a WCDMA or a LTE standard, RFID communication
operating in accordance with an EPC standard or to a NFC standard, etc. In
other words, the type of the mobile transmitter may be determined on basis of
the type of the wireless access employed by the mobile device hosting the
mobile transmitter.

The classification of the mobile transmitters into one or more different types
may involve classification of the mobile transmitters on basis of an identifica-
tion of the mobile transmitter and/or an identification of the mobile device host-
ing the mobile transmitter. Such identification may be obtained for example as
part of a signaling message transmitted by a mobile transmitter. Examples of
signaling messages suitable for identification purposes on basis of an identifi-
cation of a mobile transmitter include probe requests according to an IEEE
802.11 protocol, Bluetooth inquire responses, Bluetooth LE (Low Energy) Ad-
vertising PDUs, location update messages at random access channel of a
GSM/WCDMA/LTE standard, responses to a RFID reader, etc. An example of
information that may be used for identification of a mobile transmitter includes
an organizationally unique identifier (OUl), as known in the art, provid-
ed/transmitted by the mobile transmitter in one or more signaling messages
originating therefrom. The identification may indicate e.g. the manufacturer of
the transmitter and/or the mobile device hosting the mobile transmitter, a mod-
el of the transmitter and/or the mobile device hosting the mobile transmitter,
etc. Further Bluetooth characteristics and/or Bluetooth Low energy characteris-
tics may be obtained by performing the HClI command
“HCI_Read_Remote_Supported Features” in order to obtain a corresponding
response.
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The classification of the mobile transmitters into one or more different types
may involve classification of the mobile transmitters on basis of an observed
communication pattern employed by the mobile transmitter and/or the mobile
device hosting the mobile transmitter.

The communication patterns considered in the classification may comprise, for
example, one or more of the following: a mobile device operating as a mobile
WLAN access point, a mobile device connected to a stationary WLAN access
point, a mobile device connected to a mobile WLAN access point having a
specific name, a mobile device broadcasting one or more WLAN probe re-
quests, a mobile device responding to Bluetooth Inquiry Scan, a mobile device
supporting a number of Bluetooth services, a mobile device operating in Ad-
vertising state according to a Bluetooth Low Energy Standard, a mobile device
connected to a headset, a mobile device responding to a RFID reader, and a
mobile device operating on a frequency band allocated to a specific operator.

As an example, a communication pattern employed by a WLAN transmitter
may be identified e.g. by an analysis of one or more layer 2 control packets
transmitted by the WLAN mobile transmitter in question. As another example,
the Bluetooth device type and supported Bluetooth services of a Bluetooth
transmitter may be obtained by sending a remote name inquiry to the Blue-
tooth transmitter in question and by reading the supported features of the Blue-
tooth mobile transmitter sent by the Bluetooth transmitter in question in re-
sponse to the inquiry. As a further example, an active Bluetooth audio link may
be observed on basis of a regular time division communication according to
one or more of the Bluetooth HV3,HV2 and/or HV1 link protocols.

The detector 310 is configured to obtain the plurality of estimates of the num-
ber of people within the first location during the first period of time at the mo-
ments of time corresponding to the respective estimates of the number of mo-
bile transmitters. Hence, with the duration of the first period of time T; and with
K estimates to be obtained during the period T;, the detector 310 may be con-
figured to obtain an estimate of the number of people at moments of time in-
dicted by f, where i=1, 2, ... K. In other words, for each estimate of the num-
ber of mobile transmitters there is a corresponding estimate of the number of
people detected in (essentially) the same location at essentially the same mo-
ment of time.
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An estimate of the number of people may comprise indication of the overall
number of people M; at the moment of time denoted by f. In case only a single
class of people is considered or all observed/detected people are considered
to belong to the same class, an estimate may comprise a single piece of infor-
mation, i.e. M;indicating the number of people at time .

Additionally or alternatively, an estimate of the number of people may comprise
a separate indication of the number of people in two or more different classes.
Assuming two different classes of people, an estimate of the number of people
may comprise an indication of the number of people belonging to a first class
M;; at the moment of time denoted by ¢ and an indication of the number of
people belonging to a second class M;> at the moment of time denoted by t.
This generalizes into indications of J classes of people with M;;, j=1,2, ..., J,
indicating the number of people in the j:ith class at time .

The detector 310 may be configured to obtain the plurality of estimates of the
number of people for example by accessing a database comprising such in-
formation. The database may be stored at the apparatus 300, the database
may be hosted by a device hosting also the apparatus 300 or the database
may be stored in a remote device, e.g. in a server in a network. The database
may be the same database comprising information regarding estimated num-
ber of mobile transmitters (described hereinbefore) or the database may be a
separate from the database comprising information regarding estimated num-
ber of mobile transmitters. The entries of the database, each corresponding to
an observed or estimated number of people, may comprise for example infor-
mation indicative of the time of observation and an estimate of the number of
people. The detector 310 may be configured, for example, to obtain from the
database the observations/estimates falling within the period 7; on basis of the
information indicative of the time of the respective observation.

As an example, an estimate of the number of people stored in the database
may be derived on basis of auxiliary data, available for example at one or more
entry points to and/or at one or more exit points from a physical space com-
prising the first location or at another suitable location in view of estimating the
number of people in the first location. Such auxiliary data may comprise a di-
rect estimate of the number of people currently present in the first location,
based e.g. on any technical means of people counting known in the art or
based on data provided by a person or persons counting the number of people
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in the first location or people entering and/or exiting the first location. As an-
other example, the auxiliary data may comprise information obtained at one or
more ticket counters at one or more entry points to the first location or to a
physical space comprising the first location.

As another example, the auxiliary data may comprise one or more images cap-
tured at the respective moment of time at the first location, e.g. at the moments
of time indicted by #;, where i=1, 2, ... K, and there may be one or more imag-
es captured at a given moment of time f,. As an example, an estimate of the
number of people for the moment of time ¢ may be determined by applying an
image analysis arrangement to estimate the number of persons depicted in a
single image captured at t. As another example, an estimate of the number of
people for the moment of time f; may be determined by applying an image
analysis arrangement to estimate the number of persons depicted in two or
more images captured at f. and hence determine two or more initial estimates
and by determining the final estimate of the number of people at time # as an
average of the two or more initial estimates. The average may be e.g. an
arithmetic mean or a weighted average.

Image analysis arrangements for estimating the number of persons depicted in
an image based on e.g. recognition of human faces and/or human figures in
general are known in the art.

The one or more images captured at time t; may originate from one or more
imaging devices positioned in such a way with respect to the first location that
images originating therefrom provide a field of view enabling determination of
the number of people currently in the first location. Such imaging devices may
comprise one or more digital still cameras or camera modules and/or one or
more digital video cameras or video camera modules.

In this regard, the apparatus 300 may comprise an imaging unit 380 compris-
ing one or more imaging devices configured to capture the one or more imag-
es to enable determination of the number of people in the first location, as de-
scribed hereinbefore. An example of the apparatus 300 comprising also the
imaging unit 380 is schematically illustrated in Figure 5a. Moreover, the appa-
ratus 300 may comprise one or more such imaging units, each comprising one
or more imaging devices. Alternatively, the one or more imaging units 380 may
be provided as an apparatus or apparatuses separate from the apparatus 300,
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which one or more imaging units are coupled to the apparatus 300. An exam-
ple of such an arrangement is schematically illustrated in Figure 5b. Hence, the
apparatus 300 may be configured to obtain the one or more images captured
at time £ from the one or more imaging units 380. The imaging unit 380 may be
for example the imaging unit 140 of the exemplifying arrangement 100 illus-
trated in Figure 1.

As an example, the one or more imaging devices may be positioned such that
they provide a field of view covering or essentially covering the first location,
thereby enabling direct estimation of the number of people in the first location
based on the estimated number of persons depicted in the one more images.
As another example, the one or more imaging devices may be positioned at
one or more entry points to and/or at one or more exit points from the first loca-
tion or a physical space comprising the first location, thereby enabling estima-
tion of the number of people in the first location on basis of the estimated
number of persons entering the first location and estimated number of persons
exiting the first location.

Instead of obtaining the plurality of estimates of the number of people by ac-
cessing a database, the detector 310 may be configured to carry out the anal-
ysis of one or more images captured at the first location at a given moment of
time in order to determine an estimate of the number of people in the first loca-
tion at the given moment of time, as described hereinbefore. Moreover, the de-
tector 310 may be configured to perform such analysis for each of the mo-
ments of time indicted by &, where i=1, 2, ... K Alternatively, the detector 310
may employ a dedicated processing unit or processing entity to perform the
image analysis. Such processing unit or processing entity may be provided as
part of the apparatus 300, at a device hosting the apparatus 300, or at a de-
vice remote from the apparatus 300.

An estimate of the number of people in a location may comprise an indication
or estimation of the number of people in a number of classes. Classification of
the people into a number of classes may involve classification of the observed
persons into a number of predetermined classes. Consequently, in case one or
more persons not falling within any of the predetermined types are detected,
they may be, for example, classified to represent an additional type indicating
the number of observed persons not representing any of the number of prede-
termined types. As another example, persons detected not to represent any of
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the number of predetermined classes may be ignored in the analysis. As a par-
ticular further example of the latter approach, the detector 310 may be config-
ured to estimate only the number of people of a single predetermined class,
whereas the people of other classes are knowingly ignored in the estimation.
Alternatively, the classification of the people into one or more different classes
may involve classification of the observed persons into all different types en-
countered in the estimation.

The classification of people may be based, for example, on age, on gender, on
general appearance, etc. of the persons, depending on the characteristics of
the auxiliary data used as basis for estimating the number of people.

As an example, an estimate of the number of people based on the number of
persons detected in one or more images may enable rather accurate classifi-
cation of the people into males and females, together with an approximate
classification into different age groups. The classification into different age
groups may involve e.g. classifying the persons detected in one or more imag-
es into children, adults and seniors. As another example, the classification of
one or more of the groups may involve further granularity, e.g. classification of
the adults in the age groups of 18 to 30, 31 to 45 and 46 to 65. Image analysis
arrangements capable of such classification are known in the art.

As another example, an estimate of the number of people based on infor-
mation obtained at one or more ticket counters at one or more entrances to the
first location or to a physical space comprising the first location may enable
rough classification of the people into children, adults and seniors e.g. based
on the different types of tickets sold at the one or more ticket counters.

As a further example, an estimate of the number of people based on infor-
mation obtained from a person or persons counting the number of people in
the first location or people entering and/or exiting the first location, if accompa-
nied further data characterizing the observed people in the first location, may
enable accurate classification into males and females, an approximate classifi-
cation into different age groups, a classification on basis of the general ap-
pearance of the observed people, etc.

As referred to hereinbefore, the estimator 320 is configured to determine a
mapping function providing a mapping between an estimate of the number of
mobile transmitters at a location and an estimate of the number of people at
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the location. The estimator 320 is configured to determine the mapping func-
tion on basis of the plurality of estimates of the number of mobile transmitters
and the respective plurality of estimates of the number of people, e.g. on basis
of estimates of the number of mobile transmitters and respective estimates of
number of people at the moments of time indicted by , where i=1, 2, ... K

In particular, the estimator 320 may be configured to apply linear regression
model to determine a parameter or parameters descriptive of the mapping be-
tween the observed estimates of the number of mobile transmitters and the re-
spective plurality of estimates of the number of people, as described in detail in
the following.

The estimator 320 may be configured to determine a mapping function for the
overall number of people on basis of the plurality of the estimates of the overall
number of mobile transmitters N; and the respective estimates of the overall
number of people M. Such a mapping function may be determined on basis of
a function of the form indicated by the equation (1).

a*Nl-zMi (1)

where a denotes a mapping parameter to be determined. In particular, the es-
timator 320 may be configured to solve the parameter a on basis of a equation
system (2)

a*N]_:Ml
a*N2:M2 (2)
a*NK:MK

The equation system (2) may be written in matrix form as

Ny My
N. M

N«a=M = | *|l«xa=|["? (3)
Nk My

Since the functions of the form indicated in e.g. the equations (1) and (2) each
comprise only a single unknown variable, the value of the parameter a may be
determined for example solving a for each equation of the equation system (2)
separately and determining the final value of parameter a as an average, e.g.
as an arithmetic mean of the separately solved values of a.
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Alternatively, the value of the parameter a may be determined using a least
squares fit approach known in the art, for example by using the ordinary least
squares (OLS) approach as

a=(NTN)"'N"M (4)

Hence, in terms generally applied in context of linear regression the plurality of
estimates of the number of mobile transmitters N;in vector N represent the ex-
planatory variables, the plurality of estimates of the number of people M; in
vector M represent the response variables, and the variable a represents the
resulting regression coefficient.

A mapping function on basis of a function of the form indicated by the equa-
tions (1) to (4) may also be determined in case the plurality of estimates of the
number of mobile transmitters comprises indications of the number of mobile
transmitters of a single predetermined type while ignoring the observed mobile
transmitters of other types, since in such a case a single estimate of a number
of mobile transmitters, i.e. that of the single predetermined type, at time f; is
sufficient basis for determination of the mapping function.

The estimator 320 may be configured to determine a mapping function for the
overall number of people on basis of the plurality of the estimates of the num-
ber of mobile transmitters of two or more types Njj, where j=1, 2, ..., L indi-
cates the type of the transmitter (as described hereinbefore) and the respec-
tive estimates of the overall number of people M. Such a mapping function
may be determined on basis of a function of the form indicated by the equation

(5).

a1 * Ni’]_ + az * Ni,z + ...+ aL * Ni,L = Mi (5)

where the parameters a; denote mapping parameters to be determined. In par-
ticular, the estimator 320 may be configured to solve the parameters a; on ba-
ses of a equation system (6)

aq * Nl,l + a, * N1,2 + ..+ aj * Nl,L = Ml
a1 * N2,1 + az * NZ,Z + ...+ aL * NZ,L = M2

al *NK,l + az *NK,Z + ...+ aL * NK,L = MK

The equation system (6) may be written in matrix form as
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NygNip.. Ny a; M,
N2,1N2,2'_“N2,L « 2] = M, (7)

Ny 1Nk 2 "Ny, a My

Nxa=M =

The parameters a; of the vector a may be solved for example using a least
squares fit approach known in the art, for example by using the OLS approach
as

a=(NTN)"'NTM (8)

Hence, in terms generally applied in context of linear regression the plurality of
estimates of the number of mobile transmitters Nj; in matrix N represent the
explanatory variables, the plurality of estimates of the number of people M;in
matrix M represent the response variables, and the vector a represents the re-
sulting regression coefficient.

The estimator 320 may be configured to determine a mapping function for the
number of people of two or more classes on basis of the plurality of the esti-
mates of the number of mobile transmitters of two or more types N;;, where j =
1, 2, ..., Lindicates the type of the transmitter (as described hereinbefore) and
the respective estimates of the number of people in two or more classes M;;, j
=1, 2, ..., Jindicates the number of people in the jith class at time #. Such a
mapping function may be determined on basis of a function of the form indi-
cated by the equation(s) (9).

a1 *Nip + ap *Nip + ot apy « Ny = My

A2 *Nig+ app *Nip+ ot ap, Ny =M,

(9)

al’] * Ni,l + aZJ * Ni,Z + ...+ aL,j * Ni,L = Mi‘]

where the parameters a;; denote mapping parameters to be determined.
Hence, a group of equations of the form indicated by the equations (9) is de-
termined for each of the plurality of estimates. In particular, the estimator 320
may be configured to solve the parameters a;; for each equation of the equa-
tion(s) (9), i.e. for each value of j separately, along the lines described in equa-
tions (5) to (8) hereinbefore, thereby resulting in parameter vectors a;, j= 1, 2,
ey .

In cases where the plurality of estimates of the number of mobile transmitters
of a first type may be considered to be more accurate or reliable than the plu-
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rality of estimates of the number of mobile transmitters of a second type, a
Weighted Least Squares (WLS) based methodology may be applied as an al-
ternative to an OLS based approach discussed hereinbefore in detail. In a
WLS based approach, the equation (8) can be rewritten in the form

a=(WNWN)"L(WN)TWM = (NTWTWN)"NTWTWM (10)

where W is the (symmetric, positive definite) weighting matrix, comprising
weights assigned for the plurality of estimates of the number of mobile trans-
mitters in the matrix N. Typically, the higher the accuracy or reliability of a giv-
en estimate of the number mobile transmitters, the higher is the weight as-
signed therefor.

An example of such a case where a WLS based approach may be suitable
may be e.g. a scenario where the Bluetooth based detection can be consid-
ered to yield more accurate results than the WLAN based detection, thereby
resulting in the plurality of estimates of the number of Bluetooth transmitters to
be considered as more accurate/reliable than the plurality of estimates of the
number of WLAN transmitters. Consequently, higher weights may be assigned
to the estimates of the number of Bluetooth transmitters than for the estimates
of the number of WLAN transmitters. A WLS based methodology may also be
applied for example to weight earlier detections with a smaller weight, e.g. by
applying a weight that is decreasing with increasing temporal distance from the
moment of determining the mapping function. As a further example, additional-
ly or alternatively, a WLS based approach may be applied to weight detections
e.g. 24 hours and/or 7 days ago with a higher weight than the other detections,
e.g. in order to derive a mapping function that emphasizes the plurality of esti-
mates of the number of mobile transmitters observed (approximately) a day
and/or a week ago to account for events that can be expected to occur on daily
and/or weekly basis.

Instead of an OLS or a WLS based approach, any other linear regression ap-
proach or other statistical approach may be employed. Moreover, any other
approach for solving the parameter a of the equation (3) or the parameter vec-
tor a of the equation (7) may be employed.

The estimator 320 may be configured to constantly update the mapping func-
tion as new estimates of the number of mobile transmitters and the respective
estimates of the number of people become available. In particular, the estima-
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tor 320 may be configured recursively update the mapping parameters, e.g.
the parameters a;; of the parameter vectors a;, j= 1, 2, ..., J. Such recursive
methods include general auto-regressive (AR) smoothing methods. In cases
where the amount and ‘classification’ of people may change rapidly, a Kalman
filter based approach may be used to dynamically adjust the mapping parame-
ters of the mapping function.

The apparatus 300 may be further configured to apply the determined mapping
function to determine a second estimate of the number of people within a se-
cond location during a second period of time on basis of a second estimate of
the number of mobile transmitters obtained at the second location during the
second period of time.

In this regard, the apparatus 300 may comprise a second detector 330, as
schematically illustrated in Figure 6. The second detector 330 may be config-
ured to obtain a second estimate of the number of mobile transmitters within a
second location during a second period of time, wherein the second estimate
of the number of mobile transmitters comprises indications of the number of
mobile transmitters of one or more different types. The considerations herein-
before regarding obtaining the plurality of estimates of the number of mobile
transmitters of one or more types and the considerations regarding the types
of the mobile transmitters apply also to the second detector 330 obtaining the
second estimate of the number of mobile transmitters. The second estimate of
the number of mobile transmitters may comprise indications of L types of mo-
bile transmitters with X;, j= 1, 2, ..., L indicating the number of mobile trans-
mitters of the jith type at the moment of time of the second estimate of the
number of mobile transmitters.

The apparatus may further comprise a second estimator 340, as schematically
illustrated in Figure 6. The second estimator 340 is configured to determine a
second estimate of the number of people within the second location during the
second period of time on basis of the second estimate of the number of mobile
transmitters within the second location during the second period of time by us-
ing a mapping function. The mapping function may be determined by the esti-
mator 320.

The second estimator 340 may obtain the mapping function directly from the
estimator 320, or the second estimator may be configured to obtain, e.g. read,
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the mapping function or a parameter or parameters descriptive thereof from a
memory of the apparatus 300 or from a memory of another apparatus accessi-
ble by the second estimator 340.

The second estimator 340 may be configured to apply the mapping function
based on the parameter a determined on basis of the equations (1) to (4) to
determine the second estimate of the number of people Y on basis of the se-
cond estimate of the overall number of mobile transmitters or on basis of the
second estimate of the number of mobile transmitters of a single predeter-
mined type by

Y=Xx*a (11)

Alternatively or additionally, the second estimator 340 may be configured to
apply the mapping function based on the vector a comprising the parameters a;
determined on basis of the equations (5) to (8) and/or (10) to determine the
second estimate of the number of people Y on basis of the second estimate of
the number of mobile transmitters of two or more types by

aq

a;

Y=Xxa=[X; X, -~ X.]x (12)

ar,

Alternatively or additionally, the second estimator 340 may be configured to
apply the mapping function based on the vectors a;, j= 1, 2, ..., J comprising
the parameters a; determined on basis of the equations (5) to (10) to deter-
mine the second estimate of the number of people in two or more classes Y, j
=1, 2, ..., Jon basis of the second estimate of the number of mobile transmit-
ters of two or more types by

allj
azlj

Yj:X*a]: [Xl XZ XL]* ,j:1,2,...,] (13)

aL,j

The second location may be the same location as the first location or a differ-
ent location, whereas the second period of time is typically different from the
first period of time. The different periods of time may imply time periods of dif-
ferent duration and/or time periods starting or ending at different times.
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While it is possible to assume general applicability of the mapping function de-
termined on basis of the data originating from the first location and hence use
the mapping function in a second location that has no physical or other known
relationship with the first location, preferably there is a relationship between
the first and second location. For example, the first and second locations may
be locations within the same physical space as depicted in the exemplifying
scenario 100 of Figure 1, e.g. two retails stores of a shopping mall, two non-
overlapping locations of a theme park, two movie theaters of a cinema multi-
plex, etc.

The second period of time typically occurs later than the first period of time.
However, in case the second detector 330 is configured to process pre-stored
data, thereby possible obtaining the second estimate of the number of mobile
transmitters originating from a time period that precedes the first period time
used as basis for determination of the mapping function, the second period of
time may occur earlier than the first period of time. In particular, in case of the
second location being different from the first location the second period of time
may occur within the first period of time or the second period of time may be
overlapping with the first period a time.

The operations, procedures and/or functions or a part thereof described here-
inbefore in context of the second detector 330 may be performed by the detec-
tor 310 instead of the second detector 330. Similarly, the operations, proce-
dures and/or functions or a part thereof described hereinbefore in context of
the second estimator 330 may be performed by the estimator 320 instead of
the second estimator 340.

Figure 7 schematically illustrates an apparatus 400 for estimating a number of
people within a location. The apparatus 400 comprises a detector 410 and an
estimator 420, operatively coupled to the detector 410. The apparatus 400
may comprise further components or units, such as a processor, a memory, a
user interface, a communication interface, etc. In particular, the apparatus 400
may receive input from one or more external processing units and/or apparat-
uses and the apparatus 400 may provide output to one or more external pro-
cessing units and/or apparatuses.

In particular, the detector 410 may be configured to operate as the second de-
tector 330 described hereinbefore in context of the apparatus 300. Moreover,
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the estimator 420 may be configured to operate as the second estimator 340
described hereinbefore in context of the apparatus 300.

The operations, procedures and/or functions assigned to the detector 310 and
the estimator 320, as well as the operations, procedures and/or functions as-
signed to the second detector 330 and the second estimator 340 possibly
comprised in the apparatus 300, may be divided between the units in a differ-
ent manner. Moreover, the apparatus 300 may comprise further units that may
be configured to perform some of the operations, procedures and/or functions
assigned to the above-mentioned processing units.

On the other hand, the operations, procedures and/or functions assigned to
the detector 310 and the estimator 320, as well as the operations, procedures
and/or functions assigned to the second detector 330 and the second estima-
tor 340 possibly comprised in the apparatus 300, may be assigned to a single
processing unit within the apparatus 300 instead. In particular, the apparatus
300 may comprise means for obtaining a plurality of estimates of the number
of mobile transmitters and respective estimates of the number of people within
a first location during a first period of time, and means for determining a map-
ping function providing a mapping between an estimate of the number of mo-
bile transmitters at a location and an estimate of the number of people at the
location on basis of the plurality of estimates of the number of mobile transmit-
ters and the respective plurality of estimates of the number of people for de-
termination of a second estimate of the number of people within a second loca-
tion during a second period of time on basis of a second estimate of the num-
ber of mobile transmitters obtained at the second location during the second
period of time, wherein an estimate of the number of mobile transmitters com-
prises indications of the number of mobile transmitters of one or more different
types. The apparatus 300 may further comprise means for obtaining the se-
cond estimate of the number of mobile transmitters within the second location
during the second period of time. and means for determining the second esti-
mate of the number of people within the second location during the second pe-
riod of time on basis of the second estimate of the number of mobile transmit-
ters within the second location during the second period of time by using the
mapping function.

Similar considerations with respect to the operations, procedures and/or func-
tions assigned to the processing units of the apparatus 400, i.e. the detector
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410 and the estimator 420, apply. In particular, the apparatus 400 may com-
prise means for obtaining a mapping function configured to provide mapping
between an estimate of the number of mobile transmitters at a location and an
estimate of the number of people at the location, means for obtaining an esti-
mate of the number of mobile transmitters within a second location during a
second period of time, and means for determining an estimate of the number
of people within the second location during the second period of time on basis
of the estimate of the number of mobile transmitters within the second location
during the second period of time by using the mapping function, wherein an
estimate of the number of mobile transmitters comprises indications of the
number of mobile transmitters of one or more different types.

The operations, procedures and/of functions assigned to the detector 310, the
estimator 320, the second detector 330 and the second estimator 340 de-
scribed hereinbefore may be distributed between two or more apparatuses.
Consequently, a system or an arrangement for estimating a number of people
within a location may be provided, the system or the arrangement comprising
the detector 310, the estimator 320, the second detector 330 and the second
estimator 340. Considerations with respect to the detector 310 performing
some or all of the operations, procedures and/or functions described in context
of the second detector 330 and/or the estimator 330 performing some or all of
the operations, procedures and/or functions described in context of the second
estimator 340 apply also to the system or the arrangement. The system or ar-
rangement may further comprise the radio detector 350 and/or one or more
imaging units 380.

The operations, procedures and/or functions described hereinbefore in context
of the apparatus 300, 400 may also be expressed as steps of a method im-
plementing the corresponding operation, procedure and/or function.

As an example, Figure 8 illustrates a method 500 in accordance with an em-
bodiment of the invention. The method 500 may be arranged to estimate a
number of people within a location by carrying out operations, procedures
and/or functions described in context of the apparatus 300. The method 500
comprises obtaining a plurality of estimates of the number of mobile transmit-
ters and respective estimates of the number of people within a first location
during a first period of time, wherein an estimate of the number of mobile
transmitters comprises indications of the number of mobile transmitters of one
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or more different types, as indicated in step 510. The method 500 further com-
prises determining a mapping function providing a mapping between an esti-
mate of the number of mobile transmitters at a location and an estimate of the
number of people at the location on basis of the plurality of estimates of the
number of mobile transmitters and the respective plurality of estimates of the
number of people, as indicated in step 520. The mapping function may be us-
able for determination of a second estimate of the number of people within a
second location during a second period of time on basis of a second estimate
of the number of mobile transmitters obtained at the second location during the
second period of time.

The method 500 may further comprise obtaining the second estimate of the
number of mobile transmitters within the second location during the second pe-
riod of time and determining the second estimate of the number of people with-
in the second location during the second period of time on basis of the second
estimate of the number of mobile transmitters within the second location during
the second period of time by using the mapping function.

As another example, Figure 9 illustrates a method 600 in accordance with an
embodiment of the invention. The method 600 may be arranged to estimate a
number of people within a location by carrying out operations, procedures
and/or functions described in context of the apparatus 400. The method 600
comprises obtaining a mapping function configured to provide mapping be-
tween an estimate of the number of mobile transmitters at a location and an
estimate of the number of people at the location, wherein an estimate of the
number of mobile transmitters comprises indications of the number of mobile
transmitters of one or more different types, as indicated in step 610. The meth-
od 600 further comprises obtaining an estimate of the number of mobile
transmitters within a second location during a second period of time, as indi-
cated in step 620, and determining an estimate of the number of people within
the second location during the second period of time on basis of the estimate
of the number of mobile transmitters within the second location during the se-
cond period of time by using the mapping function, as indicated in step 630.

The apparatus 300, 400 may be implemented as hardware alone, for example
as an electric circuit, as a programmable or non-programmable processor, as a
microcontroller, etc. The apparatus 300, 400 may have certain aspects imple-
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mented as software alone or can be implemented as a combination of hard-
ware and software.

The apparatus 300, 400 may be implemented using instructions that enable
hardware functionality, for example, by using executable computer program in-
structions in a general-purpose or special-purpose processor that may be
stored on a computer readable storage medium to be executed by such a pro-
cessor. The apparatus 300, 400 may further comprise a memory as the com-
puter readable storage medium the processor is configured to read from and
write to. The memory may store a computer program comprising computer-
executable instructions that control the operation of the apparatus 300, 400
when loaded into the processor. The processor is able to load and execute the
computer program by reading the computer-executable instructions from
memory

While the processor and the memory are hereinbefore referred to as single
components, the processor may comprise one Oor more Processors or pro-
cessing units and the memory may comprise one or more memories or
memory units. Consequently, the computer program, comprising one or more
sequences of one or more instructions that, when executed by the one or more
processors, cause an apparatus to perform steps implementing the procedures
and/or functions described in context of the apparatus 300, 400.

Reference to a processor or a processing unit should not be understood to en-
compass only programmable processors, but also dedicated circuits such as
field-programmable gate arrays (FPGA), application specific circuits (ASIC),
signal processors, etc. Features described in the preceding description may be
used in combinations other than the combinations explicitly described. Alt-
hough functions have been described with reference to certain features, those
functions may be performable by other features whether described or not. Alt-
hough features have been described with reference to certain embodiments,
those features may also be present in other embodiments whether described
or not.
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1. A method (500) for estimating a number of people within a location com-
prising

obtaining (510) a plurality of estimates of the number of mobile trans-
5 mitters and respective estimates of the number of people within a first loca-
tion (112) during a first period of time, and

determining (520) a mapping function providing a mapping between an
estimate of the number of mobile transmitters at a location and an estimate
of the number of people at the location on basis of the plurality of esti-
10 mates of the number of mobile transmitters and the respective plurality of
estimates of the number of people for determination of a second estimate
of the number of people within a second location (112, 114) during a se-
cond period of time on basis of a second estimate of the number of mobile
transmitters obtained at the second location (112, 114) during the second
15 period of time

characterized in that an estimate of the number of mobile transmit-
ters comprises indications of the number of mobile transmitters of one or
more different types.

2. A method according to claim 1, further comprising

20 obtaining the second estimate of the number of mobile transmitters
within the second location (112, 114) during the second period of time and

determining the second estimate of the number of people within the

second location (112, 114) during the second period of time on basis of the

second estimate of the number of mobile transmitters within the second lo-

25 cation (112, 114) during the second period of time by using the mapping
function.

3. A method according to claim 1 or 2, wherein the plurality of estimates of
the number of people in the first location (112) during the first period of
time are derived on basis of analyzing one or more images captured at the

30 first location (112) at respective moments of time.
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A method according to any of claims 1 to 3, wherein the plurality of esti-
mates of the number of people in the first location (112) during the first pe-
riod of time are derived on basis of information obtained at an entry point
and/or an exit point of the first location (112).

A method according to any of claims 1 to 4, wherein determining the map-
ping function comprises applying a linear regression model to determine a
parameter or parameters descriptive of the mapping between the plurality
of estimates of the number of mobile transmitters and the respective plural-
ity of estimates of the number of people.

A method (600) for estimating a number of people within a location com-
prising

obtaining (610) a mapping function configured to provide mapping be-
tween an estimate of the number of mobile transmitters at a location and
an estimate of the number of people at the location,

obtaining (620) an estimate of the number of mobile transmitters within
a second location (112, 114) during a second period of time, and

determining (630) an estimate of the number of people within the se-
cond location (112, 114) during the second period of time on basis of the
estimate of the number of mobile transmitters within the second location
(112, 114) during the second period of time by using the mapping function,

characterized in that an estimate of the number of mobile transmit-
ters comprises indications of the number of mobile transmitters of one or
more different types.

A method according to any of claims 1 to 6, wherein the estimates of the
number of mobile transmitters are obtained by scanning a predetermined
frequency band or a number of predetermined frequency bands in order to
detect one or more mobile transmitters and types thereof.

A method according to any of claims 1 to 7, wherein the type of a mobile
transmitter is determined on basis of the communication pattern employed
by the respective mobile transmitter.
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9. A method according to claim 8, wherein the communication pattern em-
ployed by a mobile transmitter is one of a plurality of predetermined com-
munication patterns.

10. A method according to claim 9, wherein the plurality of predetermined
5 communication patterns comprise one or more of the following:

a mobile device operating as a mobile WLAN access point,
a mobile device connected to a stationary WLAN access point,

a mobile device connected to a mobile WLAN access point having a
specific name,

10 a mobile device broadcasting one or more WLAN probe requests,
a mobile device responding to Bluetooth Inquiry Scan,
a mobile device supporting a number of Bluetooth services,

a mobile device operating in Advertising state according to a Bluetooth
Low Energy Standard

15 a mobile device connected to a headset,
a mobile device responding to a RFID reader, and

a mobile device operating on a frequency band allocated to a specific
operator.

11. A method according to any of claims 1 to 10, wherein the type of a mobile

20 transmitter is determined on basis of an identification of the mobile trans-

mitter and/or an identification of a mobile device comprising the mobile
transmitter.

12. A method according to claim 11, wherein the identification of a mobile

transmitter and/or mobile device comprising the mobile transmitter is de-

25 termined on basis of an organizationally unique identifier (OUI) provided by
the respective mobile transmitter.
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A method according to any of claims 1 to 12, wherein an estimate of the
number of people comprises an indication of observed number of people in
each of a plurality of predetermined classes.

A method according claim 13, wherein the plurality of predetermined clas-
ses are based on age, gender and/or appearance of persons ob-
served/estimated in the respective location during the respective period of
time.

A computer program for estimating a number of people within a location,
the computer program including one or more sequences of one or more in-
structions which, when executed by one or more processors, cause an ap-
paratus to at least perform the method of any of claims 1 to 13.

An apparatus (300) for estimating a number of people within a location, the
apparatus comprising

a detector (310) configured to obtain a plurality of estimates of the
number of mobile transmitters and respective estimates of the number of
people within a first location (112) during a first period of time, and

an estimator (320) configured to determine a mapping function provid-
ing @ mapping between an estimate of the number of mobile transmitters at
a location and an estimate of the number of people at the location on basis
of the plurality of estimates of the number of mobile transmitters and the
plurality of estimates of the number of people for determination of a second
estimate of the number of people within a second location (112, 114) dur-
ing a second period of time on basis of a second estimate of the number of
mobile transmitters obtained at the second location (112, 114) during the
second period of time,

characterized in that an estimate of the number of mobile transmit-
ters comprises indications of the number of mobile transmitters of one or
more different types.

An apparatus (300) according to claim 16, further comprising

a second detector (330) configured to obtain the second estimate of
the number of mobile transmitters within the second location (112, 114)
during the second period of time, and
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a second estimator (340) configured to determine the second estimate
of the number of people within the second location (112, 114) during the
second period of time on basis of the second estimate of the number of
mobile transmitters within the second location (112, 114) during the se-
cond period of time by using the mapping function.

An apparatus (300) according to claim 16 or 17, wherein the plurality of es-
timates of the number of people in the first location (112) during the first
period of time are derived on basis of analyzing one or more images cap-
tured at the first location (112) at respective moments of time.

An apparatus (300) according to any of claims 16 to 18, wherein the plural-
ity of estimates of the number of people in the first location (112) during the
first period of time are derived on basis of information obtained at an entry
point and/or an exit point of the first location (112).

An apparatus (300) according to any of claims 16 to 19, wherein determin-
ing the mapping function comprises applying a linear regression model to
determine a parameter or parameters descriptive of the mapping between
the plurality of estimates of the number of mobile transmitters and the re-
spective plurality of estimates of the number of people.

An apparatus (400) for estimating a number of people within a location, the
apparatus comprising

a detector (410) configured to

obtain a mapping function configured to provide mapping between
an estimate of the number of mobile transmitters at a location and an
estimate of the number of people at the location, and

obtain an estimate of the number of mobile transmitters within a se-
cond location during (112, 114) a second period of time; and

an estimator (420) configured to determine an estimate of the number
of people within the second location (112, 114) during the second period of
time on basis of the estimate of the number of mobile transmitters within
the second location (112, 114) during the second period of time by using
the mapping function,
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characterized in that an estimate of the number of mobile transmit-
ters comprises indications of the number of mobile transmitters of one or
more different types.

22. An apparatus (300, 400) according to any of claims 16 to 21, wherein the
estimates of the number of mobile transmitters are obtained by scanning a
predetermined frequency band or a number of predetermined frequency
bands in order to detect one or more mobile transmitters and types thereof.

23. An apparatus (300, 400) according to any of claims 16 to 22, wherein the
type of a mobile transmitter is determined on basis of the communication
pattern employed by the respective mobile transmitter.

24. An apparatus (300, 400) according to claim 23, wherein the communica-
tion pattern employed by a mobile transmitter is one of a plurality of prede-
termined communication patterns.

25. An apparatus (300, 400) according to claim 24, wherein the plurality of
predetermined communication patterns comprise one or more of the fol-
lowing:

a mobile device operating as a mobile WLAN access point,
a mobile device connected to a stationary WLAN access point,

a mobile device connected to a mobile WLAN access point having a
specific name,

a mobile device broadcasting one or more WLAN probe requests,
a mobile device responding to Bluetooth Inquiry Scan,
a mobile device supporting a number of Bluetooth services,

a mobile device operating in Advertising state according to a Bluetooth
Low Energy Standard

a mobile device connected to a headset,

a mobile device responding to a RFID reader, and
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a mobile device operating on a frequency band allocated to a specific
operator.

An apparatus (300, 400) according to any of claims 16 to 25, wherein the
type of a mobile transmitter is determined on basis of an identification of
the mobile transmitter and/or an identification of a mobile device compris-
ing the mobile transmitter.

An apparatus (300, 400) according to claim 26, wherein the identification of
a mobile transmitter and/or mobile device comprising the mobile transmit-
ter is determined on basis of an organizationally unique identifier (OUI)
provided by the respective mobile transmitter.

An apparatus (300, 400) according to any of claims 16 to 27, wherein an
estimate of the number of people comprises an indication of observed
number of people in each of a plurality of predetermined classes.

An apparatus (300, 400) according claim 28, wherein the plurality of prede-
termined classes are based on age, gender and/or appearance of persons
observed/estimated in the respective location during the respective period
of time.

A system for estimating a number of people within a location, the system
comprising

a first detector (310) configured to obtain a plurality of estimates of the
number of mobile transmitters and respective estimates of the number of
people within a first location (112) during a first period of time,

a first estimator (320) configured to determine a mapping function
providing a mapping between an estimate of the number of mobile trans-
mitters at a location and an estimate of the number of people at the loca-
tion on basis of the plurality of estimates of the number of mobile transmit-
ters and the plurality of estimates of the number of people for determina-
tion of a second estimate of the number of people within a second location
(112, 114) during a second period of time on basis of a second estimate of
the number of mobile transmitters obtained at the second location (112,
114) during the second period of time,



20125229 PrH 26 -03- 2013

10

38

a second detector (330) configured to obtain a mapping function con-
figured to provide mapping between an estimate of the number of mobile
transmitters at a location and an estimate of the number of people at the
location, and to obtain an estimate of the number of mobile transmitters
within a second location (112, 114) during a second period of time; and

a second estimator (340) configured to determine an estimate of the
number of people within the second location (112, 114) during the second
period of time on basis of the estimate of the number of mobile transmitters
within the second location (112, 114) during the second period of time by
using the mapping function,

characterized in that an estimate of the number of mobile transmit-
ters comprises indications of the number of mobile transmitters of one or
more different types.
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PATENTTIVAATIMUKSET

1. Menetelma (500) paikan henkilomadran  arvioimiseksi, jossa
menetelmassa

5 muodostetaan (510) useita arvioita mobiilildhettimien (mobile
transmitters) maarasta seka vastaavia arvioita ihmisten maarasta eraassa
ensimmaisessa paikassa (112) eraan ensimmaisen ajanjakson aikana, ja

maaritetdan (520) kuvausfunktio, joka toteuttaa kuvauksen erddssa

paikassa olevien mobiililahettimien maaran arvion ja mainitussa paikassa

10 olevien ihmisten maaran arvion valille mainittujen useiden,

mobiililahettimien maarad koskevien ja mainittujen vastaavien ihmisten

maaraa koskevien arvioiden perusteella, jotta voidaan maarittda toinen

arvio toisessa paikassa (112, 114) toisen ajanjakson aikana olevien

ihmisten maarasta toisen, mainitussa toisessa paikassa (112, 114) toisen

15 ajanjakson aikana olevien mobiililahettimien maaraa koskevan arvion
perusteella

tunnettu siita, ettd mobiilildhettimien maarda koskeva arvio ilmoittaa
yhta tai useampaa eri tyyppia olevien mobiililahettimien maarat.

2. Patenttivaatimuksen 1 mukainen menetelma, jossa lisaksi

20 muodostetaan toinen arvio toisessa paikassa (112, 114) toisen
ajanjakson aikana olevien mobiililahettimien maarasta ja

madritetddn mainitun kuvausfunktion avulla toinen arvio toisessa
paikassa (112, 114) toisen ajanjakson aikana olevien ihmisten maarasta
mainitun toisen, toisessa paikassa (112, 114) toisen ajanjakson aikana
25 olevien mobiililahettimien m&araa koskevan arvion perusteella.

3. Patenttivaatimuksen 1 tai 2 mukainen menetelmd, missa arviot
ensimmaisessa paikassa ensimmaisen ajanjakson aikana olevien ihmisten
maarasta saadaan analysoimalla yksi tai useampia kuvia, jotka on otettu
ensimmaisessa paikassa ao. ajanhetkina.
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Jonkin patenttivaatimuksen 1-3 mukainen menetelma, missd arviot
ensimmaisessa paikassa ensimmaisen ajanjakson aikana olevien ihmisten
maarasta perustuvat informaatioon, joka saadaan mainitun ensimmaisen
paikan sisaantulopisteesta ja/tai poistumispisteesta.

Jonkin  patenttivaatimuksen  1-4  mukainen menetelmd, missd
kuvausfunktion maarittaminen kasittdaa sen, ettd maaritetdan lineaarista
regressiomallia kayttden parametri tai parametreja, jotka edustavat
mobiililahettimien maarda koskevien arvioiden ja vastaavien, ihmisten
maaraa koskevien arvioiden vélista kuvausta.

Menetelma  (600) paikan henkilomdaran  arvioimiseksi, jossa
menetelmasséa

muodostetaan (610) kuvausfunktio, joka on jarjestetty toteuttamaan
mobiililahettimien maarad erddssa paikassa koskevan arvion ja ihmisten
maéaraa mainitussa paikassa koskevan arvion valinen kuvaus,

muodostetaan (620) erddssa toisessa paikassa (112, 114) toisen
ajanjakson aikana olevien mobiililahettimien maaraa koskeva arvio, ja

maaritetddn (630) mainitun kuvausfunktion avulla arvio toisessa
paikassa (112, 114) toisen ajanjakson aikana olevien ihmisten maarasta
mainitun toisen, toisessa paikassa (112, 114) toisen ajanjakson aikana
olevien mobiililahettimien maaraa koskevan arvion perusteella,

tunnettu siita, ettd mobiilildhettimien maarda koskeva arvio ilmoittaa
yhta tai useampaa eri tyyppia olevien liikkuvien Iahettimien maarat.

Jonkin  patenttivaatimuksen  1-6  mukainen menetelmd, missd
mobiililahettimien maaran arviot saadaan skannaamalla ennalta maarattya
taajuuskaistaa tai ennalta maarattyja taajuuskaistoja yhden tai useamman
mobiililahettimen ja sen/niiden tyypin ilmaisemiseksi.

Jonkin  patenttivaatimuksen  1-7 mukainen  menetelma, missa
mobiililahettimen tyyppi maaritetddn ao. mobiililahettimen kayttdman
tiedonsiirtomallin perusteella.
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Patenttivaatimuksen 8 mukainen menetelmd, missid mobiililahettimen
kayttdma tiedonsiirtomalli on yksi useista ennalta maaratyista
tiedonsiirtomalleista.

Patenttivaatimuksen 9 mukainen menetelma, missd mainittuihin useisiin
ennalta maarattyihin tiedonsiirtomalleihin  kuuluu yksi tai useampi
seuraavista:

mobiili-WLAN-paasypisteena toimiva mobiililaite,

kiinteddn WLAN-paasypisteeseen yhdistetty mobiililaite,

tietyn nimiseen mobiili-WLAN-paasypisteeseen yhdistetty mobiililaite,
yhtd tai useampaa WLAN-luotauspyyntéa yleislahettava mobiililaite,
Bluetooth Inquiry Scan -sanomaan vastaava mobiililaite,
Bluetooth-palveluja tukeva mobiililaite,

Bluetooth Low Energy -standardin mukaisessa Advertising-tilassa
toimiva mobiililaite,

kuulokkeisiin kytketty mobiililaite,
RFID-lukijaan reagoiva mobiililaite,
tietylle operaattorille osoitetulla taajuuskaistalla toimiva mobiililaite.

Jonkin  patenttivaatimuksen  1-10 mukainen menetelm&, misséd
mobiilildhettimen tyyppi maaritetaan tunnistamalla mobiilildhetin ja/tai
mobiililahettimen siséltdva mobiililaite.

Patenttivaatimuksen 11 mukainen menetelma, missda mobiililahettimen
ja/tai mobiilildhettimen sisdltdvan mobiililaitteen tunnistaminen tapahtuu
ao. mobiilildhettimen antaman OUl-tunnisteen (Organizationally Unique
Identifier) perusteella.

Jonkin patenttivaatimuksen 1-12 mukainen menetelma, missa arvio
ihmisten maarasta kasittaa indikaation havaitusta ihmismaarasta kussakin
ennalta maaratyista luokista.
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Patenttivaatimuksen 13 mukainen menetelma, missd ennalta maaratyt
luokat perustuvat ao. paikassa ao. aikavalilla havaittuun/arvioituun
ihmisten ikaan, sukupuoleen ja/tai ulkonakoon.

Tietokoneohjelma  jossakin  paikassa olevien ihmisten maaran
arvioimiseksi, joka tietokoneohjelma sisdltda yhden tai useampia
kaskysarjoja, jotka koostuvat yhdesta tai useammasta kaskysta, jotka, kun
ne suoritetaan yhdella tai useammalla prosessorilla, saavat laitteen ainakin
suorittamaan jonkin patenttivaatimuksen 1-13 mukaisen menetelman.

Laite (300) paikan henkildomaaran arvioimiseksi, johon laitteeseen kuuluu

ilmaisin (310), joka on jarjestetty muodostamaan useita arvioita
mobiilildhettimien maarastd sekd vastaavia arvioita ihmisten maéarasta
eradssa ensimmaisessd paikassa (112) erddn ensimmaisen ajanjakson
aikana, ja

arvionmuodostin (320), joka on jarjestetty maarittamaéan kuvausfunktio,
joka toteuttaa kuvauksen erddssa paikassa olevien mobiilildhettimien
maaran arvion ja mainitussa paikassa olevien ihmisten maaran arvion
valille mainittujen useiden, mobiililahettimien maaraa koskevien ja ihmisten
maarda koskevien arvioiden perusteella, jotta voidaan maarittda toinen
arvio toisessa paikassa (112, 114) toisen ajanjakson aikana olevien
ihmisten maarésta toisen, mainitussa toisessa paikassa (112, 114) toisen
ajanjakson aikana olevien mobiililahettimien maaraa koskevan arvion
perusteella,

tunnettu siita, etta mobiilildhettimien maarda koskeva arvio ilmoittaa
yhta tai useampaa eri tyyppié olevien mobiililahettimien maérat.

Patenttivaatimuksen 16 mukainen laite (300), johon kuuluu lisaksi

toinen ilmaisin (330), joka on jarjestetty muodostamaan toinen arvio
toisessa paikassa (112, 114) toisen ajanjakson aikana olevien
mobiilildhettimien mééarasta , ja

toinen arvionmuodostin  (340), joka on jarjestetty maarittdmaan
mainitun kuvausfunktion avulla toinen arvio toisessa paikassa (112, 114)
toisen ajanjakson aikana olevien ihmisten maarédstda mainitun toisen,
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toisessa paikassa (112, 114) toisen ajanjakson aikana olevien
mobiililahettimien maaraa koskevan arvion perusteella.

Patenttivaatimuksen 16 tai 17 mukainen laite (300), missa arviot
ensimmaisessd paikassa (112) ensimmaisen ajanjakson aikana olevien
ihmisten maarasta saadaan analysoimalla yksi tai useampia kuvia, jotka
on otettu ensimmaisessa paikassa (112) ao. ajanhetkina.

Jonkin patenttivaatimuksen 16-18 mukainen laite (300), missa arviot
ensimmaisessd paikassa (112) ensimmaisen ajanjakson aikana olevien
ihmisten madarastd perustuvat informaatioon, joka saadaan mainitun
ensimmaisen paikan (112) sisaantulopisteesta ja/tai poistumispisteesta.

Jonkin patenttivaatimuksen 16-19 mukainen laite (300), missa
kuvausfunktion maarittaminen kasittda sen, ettd maaritetdan lineaarista
regressiomallia kayttden parametri tai parametreja, jotka edustavat
mobiililahettimien maardd koskevien arvioiden ja vastaavien, ihmisten
maaraa koskevien arvioiden valista kuvausta.

Laite (400) paikan henkildomaaran arvioimiseksi, johon laitteeseen kuuluu
ilmaisin (410), joka on jarjestetty

muodostamaan kuvausfunktio, joka on jarjestetty toteuttamaan
mobiilildhettimien maarad erddssa paikassa koskevan arvion ja
ihmisten maaraa mainitussa paikassa koskevan arvion valinen kuvaus,
ja

muodostamaan erddssa toisessa paikassa (112, 114) toisen
ajanjakson aikana olevien mobiililahettimien maaraa koskeva arvio; ja

arvionmuodostin (420), joka on jarjestetty maarittdmaan mainitun
kuvausfunktion avulla arvio toisessa paikassa (112, 114) toisen ajanjakson
aikana olevien ihmisten maarasta mainitun toisen, toisessa paikassa (112,
114) toisen ajanjakson aikana olevien mobiililahettimien maaraa koskevan
arvion perusteella,

tunnettu siita, ettd mobiilildhettimien m&arda koskeva arvio ilmoittaa
yhta tai useampaa eri tyyppia olevien liikkuvien Iahettimien maarat.
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Jonkin patenttivaatimuksen 16-21 mukainen laite (300, 400), missa
mobiililahettimien maaran arviot saadaan skannaamalla ennalta maarattya
taajuuskaistaa tai ennalta maarattyja taajuuskaistoja yhden tai useamman
mobiilildhettimen ja sen/niiden tyypin ilmaisemiseksi.

Jonkin patenttivaatimuksen 16-22 mukainen laite (300, 400), missa
mobiililahettimen tyyppi madritetddn ao. mobiililahettimen kayttaman
tiedonsiirtomallin perusteella.

Patenttivaatimuksen 23 mukainen laite (300, 400), missa mobiililahettimen
kayttdma tiedonsiirtomalli on yksi useista ennalta maaratyista
tiedonsiirtomalleista.

Patenttivaatimuksen 24 mukainen laite (300, 400), missa mainittuihin
useisiin ennalta maarattyihin tiedonsiirtomalleihin kuuluu yksi tai useampi
seuraavista:

mobiili-WLAN-paasypisteend toimiva mobiililaite,

kiinteddn WLAN-paasypisteeseen yhdistetty mobiililaite,

tietyn nimiseen mobiili-WLAN-paasypisteeseen yhdistetty mobiililaite,
yhtd tai useampaa WLAN-luotauspyyntéa yleislahettava mobiililaite,
Bluetooth Inquiry Scan -sanomaan vastaava mobiililaite,
Bluetooth-palveluja tukeva mobiililaite,

Bluetooth Low Energy -standardin mukaisessa Advertising-tilassa
toimiva mobiililaite,

kuulokkeisiin kytketty mobiililaite,
RFID-lukijaan reagoiva mobiililaite,
tietylle operaattorille osoitetulla taajuuskaistalla toimiva mobiililaite.

Jonkin patenttivaatimuksen 16-25 mukainen laite (300, 400), missa
mobiililahettimen tyyppi maaritetddn tunnistamalla mobiilildhetin ja/tai
mobiililahettimen sisdltdva mobiililaite.
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Patenttivaatimuksen 26 mukainen laite (300, 400), miss& mobiililahettimen
ja/tai mobiilildhettimen sisdltdvan mobiililaitteen tunnistaminen tapahtuu
ao. likkuvan lahettimen antaman OUl-tunnisteen (Organizationally Unique
Identifier) perusteella.

Jonkin patenttivaatimuksen 16-27 mukainen laite (300, 400), missa arvio
ihmisten maarasta kasittaa indikaation havaitusta ihmismaarasta kussakin
ennalta maaratyista luokista.

Patenttivaatimuksen 28 mukainen laite (300, 400), missd ennalta maaratyt
luokat perustuvat ao. paikassa ao. aikavalilla havaittuun/arvioituun
ihmisten ikdan, sukupuoleen ja/tai ulkonakoon.

Jarjestelm&@ paikan henkilomaaran arvioimiseksi, johon jarjestelmaéan
kuuluu

ensimmadinen ilmaisin (310), joka on jarjestetty muodostamaan useita
arvioita erdassda ensimmaisessa paikassa (112) erddn ensimmaisen
ajanjakson aikana olevien mobiilildhettimien maarastd seka vastaavia
arvioita ihmisten maarasta,

ensimmadinen arvionmuodostin (320), joka on jarjestetty maarittdmaan
kuvausfunktio, joka toteuttaa kuvauksen erdassad paikassa olevien
mobiililahettimien maarén arvion ja mainitussa paikassa olevien ihmisten
maaran arvion valille mainittujen, mobiililahettimien maaraa koskevien ja
ihmisten maaraa koskevien arvioiden perusteella, jotta voidaan maarittaa
toinen arvio toisessa paikassa (112, 114) toisen ajanjakson aikana olevien
ihmisten maarasta toisen, mainitussa toisessa paikassa (112, 114) toisen
ajanjakson aikana olevien mobiililahettimien maardd koskevan arvion
perusteella,

toinen ilmaisin (330), joka on jarjestetty muodostamaan kuvausfunktio,
joka on jarjestetty toteuttamaan mobiilildhettimien maardd erdassa
paikassa koskevan arvion ja ihmisten maardd mainitussa paikassa
koskevan arvion valinen kuvaus, ja muodostamaan arvio erdassa toisessa
paikassa (112, 114) erddn toisen ajanjakson aikana olevien
mobiililahettimien maarasta; ja
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toinen arvionmuodostin (340), joka on jarjestetty maarittamaan
mainitun kuvausfunktion avulla arvio mainitussa toisessa paikassa (112,
114) mainitun toisen ajanjakson aikana olevien ihmisten madarasta
mainitun toisen, toisessa paikassa (112, 114) toisen ajanjakson aikana
olevien mobiililahettimien maaraa koskevan arvion perusteella,

tunnettu siita, ettd mobiilildhettimien méarda koskeva arvio ilmoittaa
yhta tai useampaa eri tyyppia olevien mobiililahettimien maarat.
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