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(54) Mobile communications device providing heuristic security authentication features and 
related methods

(57) A mobile communications device may include a
plurality of first input devices capable of passively col-
lecting input data, a second input device(s) capable of
collecting response data based upon a challenge, and a
processor capable of determining a level of assurance
(LOA) that possession of the mobile communications de-
vice has not changed based upon a statistical behavioral
model and the passively received input data, and com-
paring the LOA with a security threshold. When the LOA
is above the security threshold, the processor may be
capable of performing a given mobile device operation
without requiring response data from the second input
device(s). When the LOA falls below the security thresh-
old, the processor may be capable of generating the chal-
lenge, performing the given mobile device operation re-
sponsive to valid response data, and adding recent input
data to the statistical behavioral model responsive to re-
ceipt of the valid response data.
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Description

Technical Field

[0001] This application relates to mobile communica-
tions device and, more particularly, to security features
for mobile communications devices and related methods.

Background

[0002] Mobile communication systems continue to
grow in popularity and have become an integral part of
both personal and business communications. Various
mobile devices now incorporate Personal Digital Assist-
ant (PDA) features such as calendars, address books,
task lists, calculators, memo and writing programs, media
players, games, etc. These multi-function devices usu-
ally allow electronic mail (email) messages to be sent
and received wirelessly, as well as access the internet
via a cellular network and/or a wireless local area network
(WLAN), for example.
[0003] Some mobile devices incorporate contactless
card technology and/or near field communication (NFC)
chips. NFC technology is commonly used for contactless
short-range communications based on radio frequency
identification (RFID) standards, using magnetic field in-
duction to enable communication between electronic de-
vices, including mobile communications devices. This
short-range high frequency wireless communications
technology exchanges data between devices over a
short distance, such as only a few centimeters. NFC may
also be used to initiate Bluetooth communication, for ex-
ample.

Brief Description of the Drawings

[0004] FIG. 1 is a schematic block diagram of a mobile
communications device in accordance with an example
embodiment.
[0005] FIG. 2 is a flow diagram illustrating example
method aspects associated with the mobile device of
FIG. 1.
[0006] FIG. 3 is a front view of an example embodiment
of the mobile communications device of FIG. 1.
[0007] FIG. 4 is a schematic block diagram illustrating
example mobile communications device components
that may be used in accordance with an example em-
bodiment.

Detailed Description

[0008] The present description is made with reference
to example embodiments. However, many different em-
bodiments may be used, and thus the description should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete. Like num-
bers refer to like elements throughout.

[0009] Generally speaking, a mobile communications
device is provided herein which may include a plurality
of first input devices capable of passively collecting input
data, at least one second input device capable of collect-
ing response data based upon a challenge, and a proc-
essor coupled to the plurality of first input devices and
the at least one second input device. The processor may
be capable of determining a level of assurance (LOA)
that possession of the mobile communications device
has not changed based upon a statistical behavioral
model and the passively received input data from the
plurality of first input devices, and comparing the LOA
with a security threshold. When the LOA is above the
security threshold, the processor may be capable of per-
forming a given mobile device operation without requiring
response data from the at least one second input device.
When the LOA falls below the security threshold, the
processor may be capable of generating the challenge,
performing the given mobile device operation responsive
to valid response data from the at least one second input
device, and adding recent input data to the statistical be-
havioral model responsive to receipt of the valid response
data, or excluding the recent input data from the statistical
behavioral model responsive to invalid response data.
[0010] More particularly, the plurality of first input de-
vices may include at least some of a position sensing
device, a microphone, a gyroscope, an accelerometer,
a compass, at least one input key, a pressure sensor, or
a touch sensor, for example. Also by way of example,
the at least one second input device may be capable of
collecting response data such as gesture data, signature
response data, image response data, iris or facial scan-
ning data, etc., based upon the challenge.
[0011] The statistical behavioral model may include a
Bayesian statistical model, for example. Furthermore,
the processor may be capable of running a plurality of
different applications, and determining the LOA further
based upon a usage pattern of the plurality of applica-
tions. The mobile communications device may also in-
clude a wireless transceiver coupled to the processor,
and the processor may be capable of determining the
LOA further based upon a usage pattern of the wireless
transceiver. The given mobile device operation may be
selected from among a plurality of different mobile device
operations each having respective different security
thresholds associated therewith. As such, the processor
may be capable of comparing the LOA with the corre-
sponding security threshold for the given mobile device
operation. Furthermore, the processor may also be ca-
pable of generating an authentication token based upon
the LOA being above the security threshold, and the au-
thentication token may be capable of authorizing a trans-
action terminal to cooperate with the processor to per-
form the mobile device operation. Additionally, the proc-
essor may be further configured to communicate LOA
data to a cloud storage system.
[0012] A related method is also provided for using a
mobile communications device, such as the one de-
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scribed briefly above. The method may include determin-
ing an LOA that possession of the mobile communica-
tions device has not changed based upon a statistical
behavioral model and the passively collected input data
from the plurality of first input devices, and comparing
the LOA with a security threshold. The method may fur-
ther include, when the LOA is above the security thresh-
old, performing a given mobile device operation without
requiring response data from the at least one second
input device. When the LOA falls below the security
threshold, the challenge may be generated, the given
mobile device operation may be performed responsive
to valid response data from the at least one second input
device, and recent input data may be added to the sta-
tistical behavioral model responsive to receipt of the valid
response data, or the recent input data may be excluded
from the statistical behavioral model responsive to invalid
response data.
[0013] A related computer-readable medium is also
provided for a mobile communications device, such as
the one described briefly above. The computer-readable
medium may have computer-executable instructions for
causing the mobile communications device to performs
steps including determining a level of assurance (LOA)
that possession of the mobile communications device
has not changed based upon a statistical behavioral
model of the passively collected input data from the plu-
rality of first input devices, and comparing the LOA with
a security threshold. When the LOA is above the security
threshold, a given mobile device operation may be per-
formed without requiring response data from the at least
one second input device. When the LOA falls below the
security threshold, the challenge may be generated, the
given mobile device operation may be performed respon-
sive to valid response data from the at least one second
input device, and recent input data may be added to the
statistical behavioral model responsive to receipt of the
valid response data, or the recent input data may be ex-
cluded from the statistical behavioral model responsive
to invalid response data.
[0014] By way of background, certain applications of
Bluetooth Simple Pairing (BTSP) or NFC may require
additional authentication, such as entry of a personal
identification number (PIN) or password, for example.
Generally speaking, a heuristic gathering approach is
provided herein to determine a typical profile or behav-
ioral model of an individual which is used to validate,
within a specific level of certainty, that an intended user
is currently holding a mobile communications device or
computing platform (also referred to as a "mobile device"
herein). The heuristics approach may enable a reduction
of security requirements in the case of a positive match.
For example, if a mobile device determines that the ap-
propriate user is holding the device, then secondary au-
thentication requirements (e.g., a password, etc.) may
be bypassed, as will be discussed further below.
[0015] Referring initially to FIG. 1, a mobile device 30
is provided which utilizes a cluster or plurality of input

devices or sensors 31-38 along with accompanying data
gathering by a processor 40 to provide for a heuristic
determination of whether possession of the mobile de-
vice has switched between different users. In some ex-
ample embodiments, the mobile device may "learn" the
behaviors of the authorized user(s) or owner to store a
profile or signature that may be compared to data which
is passively collected from one or more of the input de-
vices 31-38 to determine when the mobile device 30 is
no longer in the possession of an authorized user (or one
of a plurality of authorized users where multiple user pro-
files are supported), or has switched between different
users. Example mobile devices 30 may include portable
or personal media players (e.g., music or MP3 players,
video players, etc.), portable gaming devices, portable
or mobile telephones, smartphones, portable computers
such as tablet computers, digital cameras, etc. In other
example embodiments, mobile devices 30 may be inte-
grated with automobiles/motor vehicles (e.g., telemat-
ics), home/kitchen appliances, door security locks, etc.
The various components of the processor 40 will be de-
scribed further below, although the processor may gen-
erally be implemented using a combination of hardware
(e.g., microprocessor, memory, etc.) and software (e.g.,
a non-transitory computer-readable medium having
computer-executable instructions), for example, to per-
form the various operations or functions described here-
in.
[0016] In the illustrated example, the input devices in-
clude a keyboard monitor device 31, which may be used
for determining typing characteristics such as speed, ca-
dence, angle of depression, etc., when a user types on
a keyboard, for example. The keyboard may comprise a
physical keyboard or a virtual keyboard or both. An ac-
celerometer 32 may measure acceleration and move-
ment of the mobile device 30. One or more location sen-
sors 33 may be included, such as a satellite positioning
system (e.g., GPS) sensor, or in some cases a wireless
transceiver (e.g., a cellular transceiver which may be
used to provide a position estimate based upon cell tower
triangulation, etc.). Other wireless transceivers may in-
clude wireless LAN (WLAN), Bluetooth, NFC, etc. A
touch monitor 34, such as a sensor array for a touch
screen, a pressure sensor, a capacitive sensor, etc., may
be used to detect where and how a user is contacting
the mobile device 30, as well as biometric data such as
fingerprint data, etc. A subscriber identity module (SIM)
sensor 35 may be used to determine the presence/re-
moval of, or tampering with, a SIM card, for example.
Other example sensors may include orientation sensors
36 for determining an orientation of the mobile device 30,
such as a gyroscope or digital compass, for example.
Other suitable input sensor devices such as a micro-
phone 37 or image/camera sensor 38 (e.g., a charge-
coupled device or CCD) may also be used in some em-
bodiments.
[0017] Referring additionally to the flow diagram 60 of
FIG. 2, method aspects associated with the mobile de-
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vice 30 will now be described. Generally speaking, the
input devices 31-38 may be considered as first (or pas-
sive) sensors or second (or active) sensors for collecting
input data related to how the mobile device is being used
or operated. As used herein, "passive" monitoring is
meant to include collection of data without prompting or
providing a challenge to a user (e.g., position or location,
speed, direction of travel, etc.), whereas "active" moni-
toring would include the collection of data in response to
a challenge or prompt provided to a user (e.g., a pass-
word, retinal scan, fingerprint scan, etc.), as will be dis-
cussed further below. It should be noted that some of the
input devices 31-38 may be used for either passive or
active monitoring of how the device is being operated or
used. For example, the keyboard monitor 31 may be used
to passively monitor a cadence at which a user types, or
to actively collect password input data in response to a
challenge generated by the processor 40. In another ex-
ample, the accelerometer 32 or orientation sensor 36
may be used to passively monitor movement character-
istics, or to actively collect a movement "signature" in
response to a challenge.
[0018] Beginning at Block 61, the processor 40 may
be capable of or configured to determine a level of as-
surance (LOA) that possession of the mobile device 30
has not changed based upon a statistical behavioral
model of the passively collected input data (Block 62),
as will be described further below. The processor 40 may
compare the LOA with a security threshold, at Block 63,
and when the LOA is above the security threshold, the
processor may perform a given mobile device operation
without requiring active response data, at Block 64. Oth-
erwise the processor 40 may generate a challenge (e.g.,
prompting for a password, signature gesture, etc.), at
Block 65. A challenge example is illustrated with the mo-
bile device 30 shown in FIG. 3, in which a message is
presented on a display 70 indicating that a change of
possession has been detected, and that a password is
required to proceed with the desired payment operation
(although other types of response data may also be
used).
[0019] The processor 40 may perform the given mobile
device operation responsive to collection of valid re-
sponse data from the second input device(s), at Blocks
66-67. Stated alternatively, the processor 40 may require
valid response data to be provided prior to performing
the given mobile device operation when the LOA is not
above the threshold, meaning that a confidence level that
a prior user is still in possession of the mobile device 30
has fallen below an acceptable level (i.e., the threshold).
[0020] Moreover, the processor 40 may also add re-
cent input data to the statistical behavioral model respon-
sive to receipt of the valid response data, at Block 68,
which illustratively concludes the method shown in FIG.
2 (Block 69). Otherwise, the recent input data may be
excluded from the statistical behavioral model if invalid
response data. Thus, the processor 40 may advanta-
geously learn new behaviors or actions into the behav-

ioral model, which would otherwise cause the processor
to determine that the LOA had fallen below the threshold
and therefore is no longer in the possession of the au-
thorized user, because the new behaviors are in effect
validated when the user provide the appropriate re-
sponse (i.e., authentication) data. Otherwise, if valid re-
sponse data is not provided, this is further evidence that
the recent behavior(s) or action(s) was indeed from an
unauthorized user, and thus this behavior may be ex-
cluded from the statistical behavior model.
[0021] In addition to the types of input devices or sen-
sors noted above which may be used for passive input
collection (e.g., a position sensing device, a microphone,
a gyroscope, an accelerometer, a compass, at least one
input key, a pressure sensor, a touch sensor, pedometer,
etc.), it should be noted the passive data collection may
also be based upon operations which the input devices
are used to invoke. For example, a pattern or timing in
which a user typically opens or utilizes one or more apps
may provide an indication as to whether a user is author-
ized or still using the mobile device 30. In another exam-
ple, sudden or excessive downloading of data via a wire-
less device (e.g., downloading multiple apps) may also
be indicative of a different user having possession of the
mobile device 30.
[0022] Also by way of example, the active input data
collection, which is performed responsive to a challenge,
may include gesture data, signature response data, im-
age response data, retinal/iris or facial scanning data,
fingerprint data, audio data (e.g., a spoken phrase), etc.,
although other suitable forms of passive and active data
monitoring may also be used in different embodiments.
[0023] In one example embodiment, passively collect-
ed data corresponding to a walking cadence, pressure
of holding the mobile device 30 as measured by a grip
sensor (e.g., pressure or capacitive), orientation usage,
position data from the location sensor 33 (e.g., GPS or
cell) or pedestrian navigation applications, are used to
gather statistical data and produce a profile correspond-
ing to a typical usage pattern of a given user. Example
actions which may be passively monitored and included
in the profile may include whether Bluetooth or NFC is
used to unlock a car, records of the relative position of
the mobile device 30 indicating that the mobile device is
at the home or workplace of the user at the time a mobile
device operation is requested, etc. If a statistical behav-
ioral analysis of the passively collected data results in an
LOA that sufficiently corresponds with the previously
stored profile of usage (e.g., as indicated by the above-
noted confidence threshold), then a requirement for ad-
ditional "active" security data (e.g., PIN, password, etc.)
to unlock the mobile device 30 to activate NFC, etc., may
be waived.
[0024] In another example, if a user has a typical work-
out schedule that includes data related to a pedometer
such as a cadence for running or jogging, that data may
be used to develop a profile such that the mobile device
30 is aware of when this pattern changes (e.g., because
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someone else is walking or running with the mobile de-
vice at a pace or gait that is different from a normal pace
of the authorized user(s)). As such, this passively mon-
itored input data may therefore result in the LOA falling
below the associated threshold for a given operation, and
an additional security check may accordingly be required
when unlocking the device, or activating the NFC system
for payment operations, for example. Accordingly, the
above-described approach may make day-to-day oper-
ations for a user more automatic (i.e., not requiring a
password, etc., for certain mobile device operations), yet
without reducing the overall security of the mobile device
to undesirable levels.
[0025] In accordance with an example embodiment,
the processor 40 may include a statistical LOA behavioral
engine 41 that monitors input events from the sensors
31-36 from active users to provide a confidence LOA as
to whether a given user is recognized, or that a change
in users has occurred. Generally speaking, this may be
done not by monitoring specific events but rather pas-
sively looking for differences in sensory input and subtle
changes. When the statistical LOA engine 41 detects a
low LOA for a specific transaction or mobile device op-
eration, such as payment, for example, the user will be
challenged to authenticate. As noted above, the chal-
lenges may be biometric or password-based (e.g., facial,
iris/retina, gesture, signature and image-based pass-
word mechanisms).
[0026] More particularly, the statistical LOA engine 41
may monitor passive factors such as gait from the accel-
erometer 32, voice patterns during a phone call, heart
rate, keyboard typing speed, touch screen behaviors, lo-
cation and application or app usage and other factors.
While any one factor may not necessarily be enough to
authenticate or recognize a user, with a statistical behav-
ior analysis (e.g., a Bayesian analysis) based upon mul-
tiple sensor inputs, a stronger authentication or level of
confidence may be established. The LOA engine 41 may
be implemented as an artificial neural network providing
an artificial intelligence (AI) for learning new passive fac-
tors that are indicative of the behavior of an authorized
user(s), for example.
[0027] The above-described approach may be advan-
tageous in that user password fatigue is an impediment
to a desired user experience. For example, some secu-
rity-based applications may require a user to periodically
re-enter a password (e.g., every 10 minutes or so) to
verify that the same, authorized user still has possession
of a mobile device. Moreover, it may be difficult for people
to create, manage and remember multiple complex pass-
words. Another difficulty is that touchscreen device pass-
word entry may also be problematic for users, and may
disrupt the user experience and workflow. Furthermore,
users may become confused as to which password to
use in different situations, and may accordingly use the
same password for many different applications, which
may make the password less secure. That is, such im-
pediments may cause users to choose to weaken or cir-

cumvent security for increased usability.
[0028] Yet, user recognition and authentication are
typically required for operations such as: personalization
and socialization; authorization for apps, services, device
and user resources; transaction security, forensics and
fraud prevention; and user identification for transactions
such as payment, physical access security, government,
etc. The statistical LOA engine 41 may advantageously
be used to allow passive or "silent" monitoring or mobile
device use or operation to provide continuous user au-
thentication, e.g., the user may be challenged only when
the LOA is lower than required for a given operation.
[0029] The LOA may be considered as a statistical con-
fidence of the probability that the user of the mobile de-
vice 30 has not changed (i.e., the mobile device has
changed possession between different users). The sta-
tistical LOA engine 41 may compute factors from passive
data sources such as those noted above. Authentication
challenges may include integrated technologies and
pluggable Original Equipment Manufacturer OEM soft-
ware for non-password based challenges including ges-
ture, signature, image, iris/facial scanning and hardware
biometric sensors, although password authentication
may also be used for challenge-response authentication.
[0030] The processor 40 further illustratively includes
an identity software development kit (SDK) module 42
and a biometric SDK module 43 in communication with
the statistical LOA engine 41. The identity of the authen-
ticated user is shared securely by the identity and bio-
metric SDK modules 42, 43, as well as by push technol-
ogy modules for OEM applications and services to enable
the device to be a trusted personal authenticator for off-
device digital transactions in a desired user experience.
The identity SDK may interface with apps 45-53 to utilize
the LOA for security purposes, and request an event or
user challenge to be generated when the LOA falls below
a given confidence threshold, for example. It should be
noted that the various apps 45-53 may have different
thresholds associated therewith, such that a higher LOA
may be required for more secure operations (e.g., pay-
ment, password keeper access, etc.), as opposed to low-
er LOAs for less security sensitive operations (e.g., de-
vice unlock, etc.), if desired.
[0031] In the illustrated example embodiment the apps
include one or more OEM apps 45, account manager
apps 46 and 49, a payment app 47, a password keeper
app 48, a mobile device ID manger app, a device lock
app 51, an enterprise app 52, and a tag (e.g., NFC tag)
management app 53. However, these apps are provided
by way of example, and other types of secure apps may
also be used. Also by way of example, the OEM apps 45
may be used to provide authentication for services such
as Facebook, Dropbox, etc. Enterprise apps 52 may al-
low for targeted and relatively strong authentication for
institutions such as banks, government, etc.
[0032] The biometric SDK module 43 may be used to
enable OEM biometric plug-in apps 54 to perform various
biometric operations. For example, these may include
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user downloadable apps and plug-ins for iris/retina or
facial recognition and other user recognition technolo-
gies. Another example is to provide access to sensor
data used for authentication (e.g., accelerometer or gy-
roscope, touchscreen, keyboard, etc.). The OEM biomet-
ric plug-in apps 54 may provide user downloaded bio-
metrics, authentication tokens/certificates, or user down-
loadable challenges, for example.
[0033] The statistical LOA engine 41 may further inter-
face with a hardware biometric sensor monitor 55 and a
certification or cert manager 56. The hardware biometric
sensor monitor 55 may monitor various biometric-specif-
ic sensor technologies, such as fingerprint scanners,
electrocardiogram (ECG/EKG) sensors, etc. The cert
manager 56 is a trust store for encryption keys which
may be used to sign and encrypt authentication tokens,
which may be pushed via the push module 57 off-device
over a network interface. For example, an authentication
token may be pushed from the device based upon the
LOA (i.e., if the LOA is sufficiently high enough or above
the threshold) for invoking off-device services for the cli-
ents or interacting with other devices or systems. In ac-
cordance with one example, a user may walk into a caf-
eteria or coffee shop, and an identity token may be
pushed from the mobile device 30 to a service so the
user’s regular order is fulfilled and paid before the user
reaches the counter. The statistical LOA engine 41 may
further allow for user tolerance settings for device locking
and other operations, so that the user may set the desired
threshold at which a challenge/response authentication
is required. An "opt-in" option may also be provided for
some passwords. The processor 44 may further include
a push module 57 to allow for push-based authentica-
tions from a network server, etc. A CFS module 58 may
also be included for user-provisioned cloud file storage.
For example, cryptographic keys may be stored in the
cert manager 56 to encrypt a user profile for storage by
the CFS module 58 to support multiple devices, switching
devices and restoring device configuration. This allows
a user’s designated set of devices to see the profile in
the cloud, for example.
[0034] The above-described SDK architecture may
provide for a relatively open development platform, al-
lowing third parties to provide desired functionality while
allowing the mobile device manufacturer or a network
carrier to retain overall experience control, for example.
The SDK architecture may also provide an integrated
experience without a need for user or administrator fa-
cilitation.
[0035] Various example approaches which may be im-
plemented by the statistical LOA engine 41 to "blend"
different sensor readings to determine the LOA will now
be described. Generally speaking, such approaches will
provide more accurate results with a greater availability
of passive input data. In some example embodiments, a
learning approach may be used in which the processor
37 learns baseline characteristics or traits of a given user,
which may help provide more accurate results with ex-

tended usage.
[0036] A first testing methodology is a hypothesis-
based testing approach. For example, a null hypothesis
may be that the current user is the device owner, and an
alternate hypothesis may be that the current user is an
imposter. In such cases, passive data from the input de-
vices 31-38 may be used to determine "yes" or "no" like-
lihood values, which the statistical LOA engine 41 may
"blend" to determine whether or not to accept the current
user as the owner. For non-standard situations (e.g., var-
ying weights for different sensors, etc), numerical anal-
ysis routines on device and/or look-up tables may be
used. If there are a sufficient number of sensors being
used (e.g., ten or more), then some asymptotic approx-
imations may be applied, which may help reduce com-
putational burden, for example. In a basic implementa-
tion, a hypothesis-based testing approach may be static
without learning capabilities, although updating of
weights, etc., for example, may be used to make the ap-
proach more adaptive.
[0037] Another approach is a multi-variable logistic re-
gression. This approach involves building a regression
model in which the inputs to the model are the various
passive sensor readings, and the output is a probability
of the user being a given (or the same) user (i.e., the
LOA). If all that is desired is a decision as to whether or
not the user has changed (or whether a current user is
the authorized user(s)), a threshold may be set accord-
ingly, as described above. This approach may be some-
what more computationally intensive than the hypothesis
testing approach described above, but may provide en-
hanced accuracy.
[0038] Still another approach involves ensemble meth-
ods. Generally speaking, these work by having several
classifiers work together, and in essence, vote on wheth-
er or not the current user is the authorized user(s) (or a
different user). In accordance with one example, an Ad-
aBoost algorithm may be used so that instances that
prove difficult to classify are weighted heavier in subse-
quent rounds of learning.
[0039] With respect to "learning" approaches which re-
fine a user profile over time to provide enhanced accu-
racy, they may generally come with increased computa-
tional requirements. However, this may be offset by hav-
ing a central facility do more intensive computations (i.e.,
offloading these computations), and then distributing the
update information to the mobile device 30. Another ap-
proach to help mitigate the additional processing (i.e.,
computational) resources is to run the computationally
intensive operations when the user is not otherwise using
the mobile device 30, for example.
[0040] Example components of a mobile communica-
tions device 1000 that may be used in accordance with
the above-described embodiments are further described
below with reference to FIG. 4. The device 1000 illustra-
tively includes a housing 1200, a keyboard or keypad
1400 and an output device 1600. The output device
shown is a display 1600, which may comprise a full graph-
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ic LCD. Other types of output devices may alternatively
be utilized. A processing device 1800 is contained within
the housing 1200 and is coupled between the keypad
1400 and the display 1600. The processing device 1800
controls the operation of the display 1600, as well as the
overall operation of the mobile device 1000, in response
to actuation of keys on the keypad 1400.
[0041] The housing 1200 may be elongated vertically,
or may take on other sizes and shapes (including clam-
shell housing structures). The keypad may include a
mode selection key, or other hardware or software for
switching between text entry and telephony entry. The
keypad 1400 may comprise a physical keypad or a virtual
keypad or both.
[0042] In addition to the processing device 1800, other
parts of the mobile device 1000 are shown schematically
in FIG. 4. These include a communications subsystem
1001; a short-range communications subsystem 1020;
the keypad 1400 and the display 1600, along with other
input/output devices 1060, 1080, 1100 and 1120; as well
as memory devices 1160, 1180 and various other device
subsystems 1201. The mobile device 1000 may com-
prise a two-way RF communications device having data
and, optionally, voice communications capabilities. In ad-
dition, the mobile device 1000 may have the capability
to communicate with other computer systems via the In-
ternet.
[0043] Operating system software executed by the
processing device 1800 is stored in a persistent store,
such as the flash memory 1160, but may be stored in
other types of memory devices, such as a read only mem-
ory (ROM) or similar storage element. In addition, system
software, specific device applications, or parts thereof,
may be temporarily loaded into a volatile store, such as
the random access memory (RAM) 1180. Communica-
tions signals received by the mobile device may also be
stored in the RAM 1180.
[0044] The processing device 1800, in addition to its
operating system functions, enables execution of soft-
ware applications 1300A-1300N on the device 1000. A
predetermined set of applications that control basic de-
vice operations, such as data and voice communications
1300A and 1300B, may be installed on the device 1000
during manufacture. In addition, a personal information
manager (PIM) application may be installed during man-
ufacture. The PIM may be capable of organizing and
managing data items, such as e-mail, calendar events,
voice mails, appointments, and task items. The PIM ap-
plication may also be capable of sending and receiving
data items via a wireless network 1401. The PIM data
items may be seamlessly integrated, synchronized and
updated via the wireless network 1401 with correspond-
ing data items stored or associated with a host computer
system.
[0045] Communication functions, including data and
voice communications, are performed through the com-
munications subsystem 1001, and possibly through the
short-range communications subsystem. The communi-

cations subsystem 1001 includes a receiver 1500, a
transmitter 1520, and one or more antennas 1540 and
1560. In addition, the communications subsystem 1001
also includes a processing module, such as a digital sig-
nal processor (DSP) 1580, and local oscillators (LOs)
1601. The specific design and implementation of the
communications subsystem 1001 is dependent upon the
communications network in which the mobile device
1000 is intended to operate. For example, a mobile de-
vice 1000 may include a communications subsystem
1001 designed to operate with the Mobitex™, Data TAC™

or General Packet Radio Service (GPRS) mobile data
communications networks, and also designed to operate
with any of a variety of voice communications networks,
such as AMPS, TDMA, CDMA, WCDMA, PCS, GSM,
EDGE, etc. Other types of data and voice networks, both
separate and integrated, may also be utilized with the
mobile device 1000. The mobile device 1000 may also
be compliant with other communications standards such
as 3GSM, 3GPP, UMTS, 4G, LTE, etc.
[0046] Network access requirements vary depending
upon the type of communication system. For example,
in the Mobitex and DataTAC networks, mobile devices
are registered on the network using a unique personal
identification number or PIN associated with each device.
In GPRS networks, however, network access is associ-
ated with a subscriber or user of a device. A GPRS device
therefore typically involves use of a subscriber identity
module, commonly referred to as a SIM card, in order to
operate on a GPRS network.
[0047] When required network registration or activa-
tion procedures have been completed, the mobile device
1000 may send and receive communications signals over
the communication network 1401. Signals received from
the communications network 1401 by the antenna 1540
are routed to the receiver 1500, which provides for signal
amplification, frequency down conversion, filtering, chan-
nel selection, etc., and may also provide analog to digital
conversion. Analog-to-digital conversion of the received
signal allows the DSP 1580 to perform more complex
communications functions, such as demodulation and
decoding. In a similar manner, signals to be transmitted
to the network 1401 are processed (e.g. modulated and
encoded) by the DSP 1580 and are then provided to the
transmitter 1520 for digital to analog conversion, frequen-
cy up conversion, filtering, amplification and transmission
to the communication network 1401 (or networks) via the
antenna 1560.
[0048] In addition to processing communications sig-
nals, the DSP 1580 provides for control of the receiver
1500 and the transmitter 1520. For example, gains ap-
plied to communications signals in the receiver 1500 and
transmitter 1520 may be adaptively controlled through
automatic gain control algorithms implemented in the
DSP 1580.
[0049] In a data communications mode, a received sig-
nal, such as a text message or web page download, is
processed by the communications subsystem 1001 and
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is input to the processing device 1800. The received sig-
nal is then further processed by the processing device
1800 for an output to the display 1600, or alternatively to
some other auxiliary I/O device 1060. A device may also
be used to compose data items, such as e-mail messag-
es, using the keypad 1400 and/or some other auxiliary
I/O device 1060, such as a touchpad, a rocker switch, a
thumb-wheel, or some other type of input device. The
composed data items may then be transmitted over the
communications network 1401 via the communications
subsystem 1001.
[0050] In a voice communications mode, overall oper-
ation of the device is substantially similar to the data com-
munications mode, except that received signals are out-
put to a speaker 1100, and signals for transmission are
generated by a microphone 1120. Alternative voice or
audio I/O subsystems, such as a voice message record-
ing subsystem, may also be implemented on the device
1000. In addition, the display 1600 may also be utilized
in voice communications mode, for example to display
the identity of a calling party, the duration of a voice call,
or other voice call related information.
[0051] The short-range communications subsystem
enables communication between the mobile device 1000
and other proximate systems or devices, which need not
necessarily be similar devices. For example, the short-
range communications subsystem may include an infra-
red device and associated circuits and components, a
Bluetooth™ communications module to provide for com-
munication with similarly-enabled systems and devices,
or a near field communications (NFC) device (which may
include an associated secure element) for communicat-
ing with another NFC device or NFC tag via NFC com-
munications.
[0052] Many modifications and other embodiments will
come to the mind of one skilled in the art having the ben-
efit of the teachings presented in the foregoing descrip-
tions and the associated drawings. Therefore, it is un-
derstood that various modifications and embodiments
are intended to be included within the scope of the ap-
pended claims.

Claims

1. A mobile communications device including:

a plurality of first input devices capable of pas-
sively collecting input data;
at least one second input device capable of col-
lecting response data based upon a challenge;
and
a processor coupled to the plurality of first input
devices and the at least one second input device
and capable of
determining a level of assurance (LOA) that pos-
session of the mobile communications device
has not changed based upon a statistical behav-

ioral model and the passively collected input da-
ta from the plurality of first input devices,
comparing the LOA with a security threshold,
when the LOA is above the security threshold,
performing a given mobile device operation
without requiring response data from the at least
one second input device, and
when the LOA falls below the security threshold,
generating the challenge,
performing the given mobile device operation re-
sponsive to valid response data from the at least
one second input device, and
adding recent input data to the statistical behav-
ioral model responsive to receipt of the valid re-
sponse data, or excluding the recent input data
from the statistical behavioral model responsive
to invalid response data.

2. The mobile communications device of Claim 1
wherein the plurality of first input devices include at
least some of a position sensing device, a micro-
phone, a gyroscope, an accelerometer, a compass,
at least one input key, a pressure sensor, an image
sensor, or a touch sensor.

3. The mobile communications device of Claim 1
wherein the at least one second input device is ca-
pable of collecting gesture response data based up-
on the challenge.

4. The mobile communications device of Claim 1
wherein the at least one second input device is ca-
pable of collecting signature response data based
upon the challenge.

5. The mobile communications device of Claim 1
wherein the at least one second input device is ca-
pable of collecting image response data based upon
the challenge.

6. The mobile communications device of Claim 1
wherein the at least one second input device is ca-
pable of collecting at least one of iris or facial scan-
ning response data based upon the challenge.

7. The mobile communications device of Claim 1
wherein the statistical behavioral model includes a
Bayesian statistical model.

8. The mobile communications device of Claim 1
wherein the processor is further capable of running
a plurality of different applications, and to determine
the LOA further based upon a usage pattern of the
plurality of applications.

9. The mobile communications device of Claim 1 fur-
ther comprising a wireless transceiver coupled to the
processor; and wherein the processor determines
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the LOA further based upon a usage pattern of the
wireless transceiver.

10. The mobile communications device of Claim 1
wherein the given mobile device operation is select-
ed from among a plurality of different mobile device
operations each having respective different security
thresholds associated therewith; and wherein the
processor is capable of comparing the LOA with the
corresponding security threshold for the given mo-
bile device operation.

11. The mobile communications device of Claim 1
wherein the processor is further capable of generat-
ing an authentication token based upon the LOA be-
ing above the security threshold, the authentication
token capable of authorizing a transaction terminal
to cooperate with the processor to perform the mo-
bile device operation.

12. The mobile communications device of Claim 1
wherein the processor is further configured to com-
municate LOA data to a cloud storage system.

13. A method for using a mobile communications device
including a plurality of first input devices capable of
passively collecting input data and at least one sec-
ond input device capable of collecting response data
based upon a challenge, the method comprising:

determining a level of assurance (LOA) that pos-
session of the mobile communications device
has not changed based upon a statistical behav-
ioral model and the passively collected input da-
ta from the plurality of first input devices;
comparing the LOA with a security threshold;
when the LOA is above the security threshold,
performing a given mobile device operation
without requiring response data from the at least
one second input device; and
when the LOA falls below the security threshold,
generating the challenge,
performing the given mobile device operation re-
sponsive to valid response data from the at least
one second input device, and
adding recent input data to the statistical behav-
ioral model responsive to receipt of the valid re-
sponse data, or excluding the recent input data
from the statistical behavioral model responsive
to invalid response data.

14. The method of Claim 13 wherein the plurality of first
input devices include at least some of a position
sensing device, a microphone, a gyroscope, an ac-
celerometer, a compass, at least one input key, a
pressure sensor, an image sensor, or a touch sen-
sor.

15. The method of Claim 13 wherein the at least one
second input device is capable of collecting gesture
response data based upon the challenge.
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