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(57) Abstract: Cognitive, emotional and/or affective state information may be used for adaptive gaming, advertisement insertion de-
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plications. A human machine interface (HMI) may be generated. A content placement in the HMI may be managed. Sensor data from
one or more sensors may be received. A timing for delivery of content may be determined. The timing for delivery of the content
may be determined based on at least one of the determined cognitive state of the user or the determined atfective state of the user.
The content may be selected for delivery to the user based on at least one of the cognitive state of the user or the affective state of the
user. The content may include an advertisement.
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COGNITIVE AND AFFECTIVE HUMAN MACHINE INTERFACE

CROSS REFERENCE TO RELATED APPLICATIONS

{80811 This application claims the benefit of U.S. Provisional Patent Application No.

61/943,467, filed February 23, 2014; the contents of which are incorporated by reference herein.

BACKGROUND
[6842] Some human machine interfaces (HMis) may overwhelm or frustrate the user, For
example, in the case of inappropriately-timed advertisement tnsertions, or overly challenging or
boring games, customers may be alienated. In antomobile collision alert systems, safety may be
an issue if an HMI is distracting the user with low-priority messages while also issuing alerts of
impending danger. In the ficld of marketing, the cffectivencss of the marketing may be reduced
by poor timing and/or messaging. Some approaches to making suggestions 10 consumers
regarding products or content may use inferential data that may not be a good predictor of actual
product or content enjoyment or interest. The ability of students to learn material in education
settings may be reduced as teachers or computer-based training may progress without regard to
the student’s ability to process new information. Progressing through a lesson this way may

result in a loss of efficiency.

SUMMARY

[0643] Systems, methods, and instrumentalities are disclosed for generating a human
machine interface (HMI) that may be aware of and that may adapt to the user’s cognitive load
and/or emotional atfective state. Sensor data may be used 1o estimate a cognitive state (e.g.,
cognitive load) and/or affective state of a user, which may be used to prioritize or otherwise
affect interactions with the user. The cognitive and/or affective state of the user may welade

information other than what can be inferred fom the context and/or from content that has
-1
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already been consumed. For example, cognitive and/or affective state information may be used
for adaptive gaming, advertisement placement and/or debivery timing, driver or pilot assistance,
cducation, advertisement selection, product and/or content suggestions, and/or video chat
applications.

{00841 A system may generate a human machine interface (HMID. The system may manage
a content placement in the HMIL The system may deliver content to a user. The content may
inchide video data, video game data, educational data, training data, or the like. The system may
receive sensor data from one or more sensors. The sensor data may be associated with a user.
The sensor data from the one or more sensors may include at least one of camera data, galvanic
skin response ((GSR) data, voice analysis data, facial expression analysis data, body language
analysis data, cye movement and gaze tracking analysis data, blink rate analysis data,
clectrocucephalegraphic data, electrodermal activity data, pupiliometry data, heart rate data,
blood pressure data, respiration rate data, or body temperature data. The system may determine
at least one of a cognitive state or an affective state of the vser based on the received sensor data.
The coguitive state of the user may inchide a cognitive load of the user. The affective state of
the user may include an arousal measure and a valence measure. The system may analyze the
received sensor data. The system may plot the arousal measure and the valence measure ona
two-dimensional arousal valence space. The system may associate the user with one or more
predefined affective states based on the plot.

{0085] The system may determine a iming for debivery of content. The content may include
an advertisement. The timing for delivery of the content may be determined based on at least
one of the determined coguitive state of the user or the determined affective state of the user.
The content may be delivered to the user when the cognitive load of the user s below a
predetermined thresheld or when the affective state of the user indicates that the user is
receptive. The affective state of the user may indicate that the user is receptive when a distance
measure from the affective state of the user o a predetined affective state is below a
predetormined threshold. The predetined affective state may include a predetined arcusal
measure and a predefined valence measure. The distance measure may be based on a distance
between the affective state of the user and the predefined affective state. The distance measure
may inclode an arcusal component and a valence component. The contend reay be delivered to
the user based on the determined timing. The content may be delivered to the user via the HMI
or a second HMI.

[086] The system may select the content for delivery to the user. The content may be

sclected for delivery to the user based on at least one of the cognitive state of the user or the

-2 -
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affective state of the user. The content may be selected for delivery to the user based on a
stimulus response model for the user. The stimulus response model may be based on historical
user responses 1o {e.g, historical observations of a user’s cognitive and/or affective state in
response {0} prior content. The user may be associated with a customer category. The user may
be associated with the customer category based on a stinwdus/response pair. The
stimulus/response pair may be based on information presented to the user and at least one of the
cognitive state or the affective state of the user in response to the information presented. The
system may store the stimufus/response pair. The content may be selected for delivery to the
user based on the customer catogory associated with the user. The content may be selected for
delivery to the user based on a stimwulus response database of customers in a predefined costomer
category. The predefined customer category may include the user. The content may be a first
advertisement for a first product. The first advertisement for the first product may be selected

based on a previous response of the user to a second advertisement for a second product.

BRIEF DESCRIPTION OF THE DRAWINGS

[G087] FIG. 1A is a system diagram of an exanmple communications system in which one or

more disclosed embodiments may be implemented.

{8083} FIG. 1B is a system diagram of an example wireless transmit/receive anit (WTRU}

that may be used within the communications system illustrated in FIG. 1AL

{6089) FIG. 1C 15 a system diagram of an example radio access network and an example core

network that may be used within the commumications system itHhustrated in FIG. 1A,

{80161 FIG. 1D is a system diagram of another example radio access network and another
example core network that may be used within the communications system lustrated in FIG.
1A,

{6011) FIG. 1E 1s a system diagram of another example radio access network and another
example core network that may be ased within the commumications system illustrated in FIG.
1A,

18012 FIG. 2 is a diagram illustrating an example relationship between pupil dilation and
memory encoding difficulty.

{6013) FIG. 3 is a diagram illustrating an example two-dimensional space that may be used

to categorize affoctive states.

1
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10614] FIG. 4 is a block diagram illustrating an example affective- and/or cognitive-adaptive
gaming system,

LIRS FIG. § is a block diagram illustrating an example affective- and/or cognitive-adaptive
advertiserent delivery timing sysicm.

[0816] FIG. 6 is a block diagram iHustrating an exarople affective- and/or cognitive-adaptive
alert system.

{80171 FIG. 7 is a block diagram iHustrating an example affective- and/or cognitive-adaptive
education systom,

10618] FIG. 8 is a block diagram illustrating an example affective- and/or cognitive-adaptive
product or content suggestion systom.

0819 FIG. 9 is a block diagram illustrating an exarpic of customer categorization,

06240 F1G. 10 1s a block diagram illustrating an example of product/contont suggestion.
[0821] FIG. 11 is a block diagram illustrating an example affective- and/or cognitive-
adaptive video chat system.

16022} FIG. 12 is a block diagram dllustrating an example subsystem that may populate a
state/interpretation database with training data that roay link cognitive and/or affective states
with interpretations.

{6023} FIG. 13 is a block diagram illustrating an example video annotation generation

subsystem.

DETAILED DESCRIPTION

{824} A detailed description of illustrative embodiments will now be described with
reference to the various Figures. Although this description provides a detailed example of
possible implomentations, it should be noted that the details are intended to be exemplary and in
no way Hmit the scope of the application.

{8025} FIG. 1A 15 a diagram of an example communications system 100 in which one or
more disclosed cmbodiments may be implemented. The communications system: 100 may be a
multiple access system that provides content, such as voice, data, video, messaging, broadcast,
ofc., 1o multiple wireless users. The communications system 100 may enable multiple wircless
users to access soch content through the sharing of system resources, including wireless
bandwidth. For example, the communications system 100 may cmploy one or more channel
access methods, such as code division maultiple access (CDMA), time division nwultiple aceess
{TDMA), frequency division multiple access (FDMA), orthogonal FDMA (OFDMA), single-
carricr FDMA (SC-FDMA), and the like.

-4 -
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10626] As shown in FIG. 1A, the conumunications system 106 may include wirciess
fransmit/receive units (WTRUs) 102a, 102b, 102¢, and/or 102d (which generally or collectively
may be referred to as WTRU 102), a radio access network (RAN) 103/104/105, a core network
106/107/109, a public switched telephone network (PSTN) 108, the Internet 110, and other
networks 112, though #t will be appreciated that the disclosed embodiments contemplate any
number of WTRUs, base stations, networks, and/or network elements. Each of the WTRUs
102a, 102b, 102¢, 102d may be any type of device configured to operate and/or commumnicate n
a wirciess environment. By way of example, the WTRUs 102, 102Zh, 102¢, 102d may be
contigured to transmit and/or receive wireless signals and may include user equipment (UE), 2
mobile station, a fixed or mobile sabscriber unit, a pager, a cellular telephone, a personal digital
assistant (PDA), a smartphoue, a lapitop, a netbook, a personal computer, 8 wircless sensor,

consumer clectronics, and the like.

180271 The commumications system 100 may also include a base station 1144 and a base
station 114b. Each of the basc stations 114a, 114b may be any type of device configured to
wirclessly interface with at least one of the WTRUs 102a, 102b, 102¢, 102d to facilitate access 1o
one or more communication networks, such as the core network 106/107/109, the Internet 110,
and/or the networks 112, By way of example, the base stations 114a, 114b may be a base
transcetver station (BTS), a Node-B, an eNode B, a Home Node B, a Home cNode B, a site
controller, an access point (AP}, a wireless router, and the like. While the base stations 114a,
114b are each depicted as a single element, it will be appreciated that the base stations 114a,

114b may inclode any number of interconnected base stations and/or network clements.

{B028] The base station | 14a may be part of the RAN 103/104/105, which may also include
other base stations and/or network elements (not shown), such as a base station controlier (BSC),
a radio network controller (RNC), relay nodes, efc. The base station 1 14a and/or the base station
114b may be configured to transoit and/or receive wireless signals within a particular
geographic region, which may be referred to as a cell (not shown). The cell may further be
divided into cell sectors. For example, the celf associated with the basc station 114a may be
divided into three sectors. Thus, in one embodiment, the base station 114a may include three
transceivers, ez, one for each sector of the cell. In ancther embodiment, the base station 114a
may employ multiple-input multiple output (MIMO) technology and, therefore, may utilize
multiple transceivers for cach sector of the cell.

{8019 The base stations 114a, 1 14b may communicate with one or more of the WTRUg

102a, 102b, 102¢, 102d over an air interface 115/116/117, which may be any suitable wircless
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communication fink (e.g., radio frequency (RF), microwave, infrared (IR), ultraviolet (UV),
visible light, efc.). The air interface 115/116/117 may be established using any suitable radio

access technology (RAT).

08340 Maore specifically, as neted above, the communications systern 100 may be a roultiple
access system and may employ one or more channel access schemes, such as COMA, TDMA,
FDMA, OFDMA, SC-FDMA, and the ke, For example, the base station 114a in the RAN
1G3/104/1035 and the WTRUs 1023, 102b, 102¢ may implement a radio technology such as
Universal Mobile Telecommumnications System (UMTS) Terresirial Radie Access (UTRA),
which may establish the aiv interface 115/116/117 using wideband CDMA (WCDMA),
WCDMA may inclede communication protocols such as High-Speed Packet Access (HSPA)
and/or Evolved HSPA (HSPA+). HSPA may include High-Speed Downdink Packet Access
{(HSDPA} and/or High-Speed Uplink Packet Access (HSUPA),

{6631} In ancther embodiment, the base station §14a and the WTRUs 102a, 102b, 102¢ may
impleraent a radio techuology such as Bvelved UMTS Torrestrial Radio Access (E-UTRA),
which may establish the air intertace 115/116/117 wsing Long Term Evolution (LTE) and/or

LTE-Advanced (LTE-A).

{8032 In other embodiments, the base station 114a and the WTRUs 1023, 102b, 102¢ may
tmplement radio technologies such as IEEE 802.16 (e.g., Worldwide Interoperability for
Microwave Aceess (WiMAX)Y), CDMAZ000, CDMAZ000 1X, CDMAZ000 EV-DO, Interim
Standard 2000 (IS-2000), Tnterim Standard 95 (15-95), Iiderim Standard 836 (15-856), Global
System for Mobile communications (GSM), Enhanced Data rates for GSM Evolution (EDGE),

GSM EDGE {GERAN), and the like.

188331 The base station 114b n FIG. 1A may be a wireless router, Home Node B, Home
eNode B, or access point, for example, and may utilize any suitable RAT for facilitating wircless
conmnectivity in a localized arca, such as a place of business, 2 home, a vehicle, a campus, and the
like. In one cmbodiment, the basc station 114b and the WTRUs 102¢, 102d may toplement &
radio technology such as IEEE 802.11 1o establish a wireless local area network (WLAN}. In
another embodiment, the base station §14b and the WTRUs 102¢, 102d may implement a radio
technology such as IEEE 802,15 to ¢stablish a wireless personal area network (WPAN). In yet
another embodiment, the base station 114b and the WTRUs 102¢, 102d may utilize a cellular-
based RAT (e.g., WCDMA, COMA2000, GSM, LTE, LTE-A, efc.} to establish a picocell or

femiocell. As shown in FIG. 1A, the base station 1 14b may have a direct connection to the
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Internet 110, Thus, the base station 1 14b may not be required 1o access the Intomet 110 via the

core network 166/107/109.

[00634] The RAN 103/104/105 may be in communication with the core network 106/167/109,
which may be any type of network configured to provide voice, data, applications, and/or voice
over internet protocol {VolP) services to one or more of the WTRUs 102a, 102b, 102¢, 1024,
For example, the core network 106/107/109 may provide call control, billing services, mobile
location-based services, pro-paid caliing, Internet connectivity, video distribution, efc., and/or
perform high-level security functions, such as user authentication.  Although not shown in FIG.
1A, it will be appreciated that the RAN 103/104/1035 and/or the core network 106/107/109 may
be in direct or indirect communication with other RANs that employ the same RAT as the RAN
103/104/105 or a different RAT. For exarnple, in addition to being compected to the RAN
103/104/105, which may be utilizing an E-UTRA radio technology, the core network
106/107/109 may also be in communication with another RAN (not shown) employing a GSM

radio technology.

{B035] The core network 106/107/109 may also serve as a gateway for the WTRUs 1023,
102b, 102¢, 1024 to access the PSTN 108, the Internet 110, and/or other networks 112. The
PSTN 108 may nclude circuit-switched telephone networks that provide plain oid tclephone
service (POTS). The Internet 110 may include a global system of interconnected computer
networks and devices that use common commmication protocols, such as the transmission
control protocol (TCPY, user datagram protocol (UDP) and the internct protocol (IP) in the
TCP/IP internet protocol suite. The networks 112 may include wired or wireless
communications networks owned and/or operated by other service providers. For example, the
networks 112 may include another core network connected to one or more RANs, which may

craploy the same RAT as the RAN 103/104/105 or a different RAT.

18836] Some or all of the WTRUs 102a, 102b, 102¢, 1024 in the communications system
100 may include multi-mode capabilitics, e.g., the WTRUs 102a, 102b, 102¢, 1024 may include
roultiple transceivers for communicating with different wireless networks over different wirciess
links. For example, the WTRU 102¢ shown in FIG. 1A may be configured to communicate with
the base station 114a, which may employ a cellular-based radio technology, and with the base

station 114b, which may employ an IEEE 802 radic technology.

{8037 FIG. 1B is a system diagram of an example WTRU 102, As shown in FIG. 1B, the
WTRYU 102 may include a processor 118, a transceiver 120, a transmit/receive ciement 122, a
speaker/maicrophone 124, a keypad 126, a display/touchpad 128, non-removable memory 130,

any
-] -
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removable memory 132, a power source 134, a global positioning system (GPS) chipset 136, and
other peripherals 138, It will be appreciated that the WTRU 102 may inclode any sub-
combination of the foregoing clements while remaining consistent with an embodiment. Also,
crabodiments conteraplate that the base stations 114a and 114b, and/or the nodes that basc
stations 114a and 114b may represent, such as but not limited to transceiver station (BT5), a
Node-B, a site controller, an access point (AP), a home node-B, an evolved home node-B
{eNodeB}, a home evolved node-B (HeNB or HeNodeB), a home evolved node-B gateway, and
proxy nodes, among others, may include some or all of the clements depicted in FIG. 1B and

described herein,

[00338] The processor 118 may be a general purpose processor, a special purpose processor, a
conventional processor, a digital signal processor (DSP), a plurality of microprocessors, ong ot
MOTe MICKOPTocessors in association with a AP core, a controller, a microcontrolier,
Application Specific Integrated Circuits {ASICs), Field Programmable Gate Array (FPGAs)
circuits, any other type of integrated circuit (10), a state maching, and the like. The processor
118 may perform signal coding, data processing, power control, mput/output processing, and/or
any other fimetionality that enables the WTRU 102 to operate in a wireless environment. The
processor 118 may be coupled to the transceiver 120, which may be coupled o the
transout/receive clement 122, While FIG. 1B depicts the processor 118 and the transceiver 120
as separate components, it will be appreciated that the processor 118 and the transceiver 120 may

be integrated together in an electronic package or chip.

16039] The transmit/receive clement 122 may be configured to transmit signals to, ot receive
signals from, a base station (e.g., the base station 1 14a} over the aiv interface 115/116/117. For
example, in one embodiment, the transmit/receive element 122 may be an anterma configored to
transiit and/or receive RF sigoals. In another embodiment, the transmit/reccive element 122
may be an emitter/detector contigured to transmit and/or receive IR, UV, or visible light signals,
for example. In yvet another embodiment, the transnut/receive element 122 may be configured to
transmit and receive both RF and light signals. It will be appreciated that the transmit/receive

clement 122 may be configured to fransmit and/or reccive any combination of witeless sigoals.

B340} In addition, although the transmit/receive element 122 is depicted m FIG. 1Bas a
single element, the WTRU 102 may include any number of transmit/receive clements 122, More
specifically, the WTRU 102 may enmiploy MIMO technology. Thus, in one ermnbodiment, the
WTRU 102 may include two or more transmit/receive clements 122 (e.g., multiple antennas) for

transmitting and receiving wircless signals over the air interface 115/116/117.
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16041} The transceiver 120 may be configured to modulate the signals that are to be
transmitted by the transmit/receive element 122 and 1o demodulate the signals that are received
by the transmit/receive element 122, As noted above, the WTRU 102 may have multi-mode
capabilitics. Thus, the transceiver 120 may include multiple transceivers for enabling the WTRU

102 to communicate via moultiple RATs, such as UTRA and IEEE 802.11, for example.

{80421 The processor 118 of the WTRU 102 may be coupled to, and may receive user input
data from, the speaker/microphone 124, the keypad 126, and/or the display/touchpad 128 {e.g., 2
tiguid crystal display (LCD) display unit or organic hight-eroitting diode (OLED} display unit).
The processor 118 may also output user data to the speaker/microphone 124, the keypad 126,
and/or the display/touchpad 128. In addition, the processor 118 may access information from,
and store data in, any type of suitable memory, such as the nov-removable memory 130 and/or
the removable memory 132, The non-removable memory 130 may include random-aceess
memory (RAM), read-only memory (ROM), & hard disk, or any other type of memory storage
device. The removable memory 132 may inchide a subscriber identity module (SIM) card, 8
merory stick, a secure digital (SD) momory card, and the like. In other embodiments, the
processor 118 may access information from, and store data in, memory that is not physically

located on the WTRY 102, such as on a server or a home computer {not shown).

{80431 The processor 118 may receive power from the power source 134, and may be
configured to distribute and/or control the power to the other components in the WTRU 102
The power source 134 may be any suitable device for powering the WTRU 102, For example,
the power scurce 134 may include one or more dry ccll batteries {e.g., nickel-cadminm (NiCd),
nickel-zine (NiZn), nickel metal hydride (NiMH), hithium-ion (Li-ion), eic.}, solar cells, fuel

cells, and the like.

{0844 The processor 118 may also be coupled to the GPS chipset 136, which may be
configured to provide location information {e.g., longitude and latitude) regarding the current
location of the WTRU 102, In addition to, or in licu of, the information from the GPS chipset
136, the WTRU 102 may receive location information over the aiv jnterface 115/116/117 froma
base station {2.g., base stations 114a, 114b) and/or determine its location based on the timing of
the signals being received from two or more nearby base stations. It will be appreciated that the
WTRU 102 may acquire location information by way of any suitable location-determination

mnplementation while romaining consistert with an emebodinment.

{804 5] The processor 118 may further be coupled to other peripherals 138, which may

foclude one or more sottware and/or hardware modules that provide additional features,

-9
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functionality and/or wired or wircless connectivity, For example, the peripherals 138 may
melude an accelerometer, an e-compass, a satcliite transceiver, a digital camera (for photographs
or video), a universal serial bus (USB) port, a vibration device, a television transceiver, a hands
free headset, a Bluctooth® module, a frequency modulated (FM) radic unit, a digital music

player, a media player, a video game player module, an foternet browser, and the like.

{8046} FIG. 1C is a system diagram of the RAN 103 and the core network 106 according to
an ombodiment. As noted above, the RAN 103 may employ a UTRA radio techuology o
communicate with the WTRUs 102a, 102b, 102¢ over the air interface 115, The RAN 103 may
also be in communication with the core network 106, As shown m FIG. {1, the RAN 103 may
include Node-Bs 140a, 140b, 140¢, which may each include one or more transceivers for
communicating with the WTRUSs 102a, 102b, 102¢ over the air nterface 115, The Node-Bs
140a, 140b, 140¢ may each be associated with a particular cell (not shown) within the RAN 103,
The RAN 103 may also mchude RNCs 142a, 142b. It will be appreciated that the RAN 103 may

inchide any number of Node-Bs and RNCs while remaining consistent with an embodiment.

{0847} As shown in FIG. 1C, the Node-Bs 148a, 140b may be in communication with the
RNC 142a. Additionally, the Node-B 140c¢ may be in communication with the RNC 142b. The
Mode-Bs 140a, 140b, 140c may commuunicaie with the respective RNCs 14%a, 142b via an hub
mterface. The RNCs 142a, 142b may be in communication with one another via an lur interface.
Each of the RNCs 1422, 142b may be configured to control the respective Node-Bs 140a, 140b,
144c¢ to which it is connected. In addition, cach of the RNCs 142a, 147b may be configured to
carry out or support other functionality, such as outer loop power control, load control,
admission control, packet scheduling, handover control, macrodiversity, security functions, data

encryption, and the like.

[0848] The core network 106 shown in FIG. 1C may include a media gateway (MGW) 144,
a mobile switching cenier (MSC) 146, a serving GPRS support node (SGEN) 148, and/or a
gateway GPRS support node (GGSN) 150, While each of the foregoing elements are depicted as
part of the core network 106, it will be appreciated that any one of these clements may be owned
and/or operated by an entity other than the core network operator.
[6849] The RINC 142a in the RAN 103 may be connected to the MSC 146 in the core
network 106 via an nCS interface. The MSC 146 may be connected to the MGW 144, The
MSC 146 and the MGW 144 may provide the WTRUs 102a, 102h, 102¢ with access to circuit-
witched networks, such as the PSTN 108, 1o facilitate communications between the WTRUs

102a, 102b, 102¢ and traditional land-line convounications devices.
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10658] The RNC 142a n the RAN 103 may also be connected to the SGSN 14% in the core
network 106 via an 1aPS interface. The SGSN 148 may be connected to the GGSN 150, The
SGSN 148 and the GGSN 156 may provide the WTRUs 102a, 102b, 102¢ with access to packet-
switched networks, such as the Internet 110, to facilitate communications between and the

WTRUs 102a, 102b, 102¢ and [P-cnabled devices.

168511 As noted above, the core network 106 may also be connected to the networks 112,
which may include other wired or wireless networks that are owned and/or operated by other

service providers.

[B052] FI1G. 1D is a system diagram of the RAN 104 and the core network 107 according to
an embodiment. As noted above, the RAN 104 may cnmiploy an E-UTRA vadio technology to
communicate with the WTRUs 102a, 102b, 102¢ over the air interface 116. The RAN 104 may

also be in communication with the core network 107,

{6053] The RAN 104 may include eNode-Bs 160a, 160b, 160¢, though it will be appreciated
that the RAN 104 may include any number of eNode-Bs while remaining consistent with an
ecmbodiment. The eNode-Bs 160a, 160b, 160c may each include one or morg transceivers for
communicating with the WTRUs 102a, 102b, 102¢ over the air interface 116, Inone
emboediment, the eNode-Bs 160a, 160b, 160 may implement MIMO technology. Thus, the
eNode-B 1604, for example, may use multiple antennas {0 transmit wireless signals to, and

receive wireless signals from, the WTRU 102a.

{854] Fach of the eNode-Bs 160a, 160, 160c may be associgted with a particudar cell (not
shown) and may be configured to handle radic resource management decisions, handover
decisions, scheduling of users in the uplink and/or downlink, and the like. As shown in FIG. 1D,

the eNode-Bs 160a, 160b, 160¢ may communicate with one another over an X2 interface.

{H0S5] The core network 107 shown in FIG. 1D may include a mobility management
gateway (MME) 162, a serving gateway 164, and a packet data network (PDN) gatoway 166,
While each of the foregoing elements are depicted as part of the core network 107, 1 will be
appreciated that any one of these elements may be owned and/or operated by an entity other than

the core network operator.

{8056] The MME 162 may be connected to each of the eNode-Bs 160a, 160b, 160¢ n the
RAN 104 via an S1 interface and may secrve as a control node. For example, the MME 162 may
be responsible for authenticating users of the WTRUs 102a, 102b, 102¢, bearer
activation/deactivation, selecting a particular serving gateway during an initial attach of the

WTRUs 162a, 102b, 102¢, and the like. The MME 162 may also provide a control plane
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function for switching between the RAN 104 and other RANs {not shown) that employ other

radio technologies, such as GSM or WCDMA,

{0857} The serving gatoway 164 may be connected to cach of the eNode-Bs 160a, 160k,
160c in the RAN 104 via the §1 interface. The serving gateway 164 may generally route and
forward user data packets to/from the WTRUs 102a, 102b, 102¢. The serving gateway 164 may
also perform other fimetions, such as anchoring user planes during inter-eNode B handovers,
triggering paging when downlink data is available for the WTRUs 102a, 102b, 102¢, managing

and storing contexts of the WTRUs 102a, 102b, 102¢, and the hike.

[0058] The serving gateway 164 may also be connected to the PDN gateway 166, which may
provide the WTRUs 102a, 102b, 10Z¢ with access to packet-switched networks, such as the
Internet 110, to facilitate commumicanons between the WTRUs 102a, 102b, 102¢ and P-enabled
devices.

{0659 The core notwork 107 may facilitate communications with other networks. For
example, the core network 107 may provide the WTRUg 102a, 102b, 102¢ with access to circuit-
switched networks, such as the PSTN 108, to facilitate communications between the WTRUs
102a, 102b, 102¢ and traditional land-lne communications devices. For example, the core
network 107 may include, or may communicate with, an [P gateway (e.g., an [P multimedia
subsystem (IMS) server) that serves as an interface between the core network 107 and the PSTN
108, In addition, the core network 107 may provide the WTRUs 102a, 102b, 102¢ with access to
the networks 112, which may isclude other wired or wircless networks that are owned and/or

operated by other service providers.

[0864] FIG. 1E is a system diagram of the RAN 10§ and the core network 109 according to
an embodiment. The RAN 105 may be an access service network {ASN} that employs IHEE
802,16 radio technology to communicate with the WTRUs 102a, 102hb, 102¢ over the air
interface 117. As will be further discussed below, the communication Hnks between the different
functional entities of the WTRUs 102a, 102b, 102¢, the RAN 108, and the core network 109 may

be defined as reference points,

j00461] As shown in FIG. 1E, the RAN 105 may include base stations 180a, 180b, 180¢, and
an ASN gatoway 182, though it will be appreciated that the RAN 105 may include any number
ot base stations and ASN gateways while remaining consistent with an embodiment. The base
stations 180a, 180b, 180c may cach be associated with a particular cell (not shown) in the RAN
105 and may cach jnclude one or maore transceivers for conmmunicating with the WTRUs 102a,
102b, 102¢ over the air interface 117, In one embodiment, the base stations 180a, 180b, 180¢
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may implement MIMO technology. Thus, the base station 180a, for example, may use multiple
antennas to transmit wireless signals to, and receive wireless signals from, the WTRU 102a. The
base stations 180a, 180b, 180c may also provide mobility management fonctions, such as
handoff triggering, tunnel cstablishment, radio resource management, traffic classification,
quality of service {QoS) policy enforcement, and the like. The ASN gateway 182 may serve as a
traffic aggregation point and may be responsible for paging, caching of subscriber profiles,

rouating to the core network 109, and the like.

{60362} The air interface 117 between the WTRUg 102a, 102b, 102¢ and the RAN 105 may
be defined as an R1 reference point that implements the [EEE 802,16 specification. In addition,
cach of the WTRUs 10Za, 102b, 102¢ may establish a logical mterface (not shown) with the core
network 109, The logical interface between the WTRUs 102a, 102b, 102¢ and the core network
109 may be defined as an R? reference point, which may be used for authentication,

authorization, IP host configuration masagement, and/or mobility management.

{3063] The communication link between cach of the base stations 180a, 180b, 180¢ may be
defined as an R& reference point that includes protocols for facilitating WTRU handovers and the
transfer of daia between base stations. The communication link between the base stations 180a,
180b, 180c and the ASN gateway 182 may be defined as an R6 reference point. The R6
reference point may inclade protocols for facilitating mobility management based on mobility

events associated with cach of the WTRUs 102a, 102b, 102c.

{0664 As shown in FIG. 1E, the RAN 105 may be connected to the core network 109, The
communication fink between the RAN 105 and the core network 109 may defined as an R3
reference point that includes protocols for facilitating data transfer and mobility management
capabilitics, for example. The core network 109 may inchude 3 mobile IP home agent (MIP-HA}
184, an authentication, authorization, accounting (AAA) server 186, and a gateway 188, While
each of the foregoing elements are depicted as part of the core network 109, it will be
appreciated that any one of these elements may be owned and/or operated by an entity other than

the core network operator.

{8065} The MIP-HA may be responsible for IP address management, and may enable the
WTRUs 102a, 102b, 102¢ fo roam between different ASNs and/or different core networks., The
MIP-HA 184 may provide the WTRUs 102a, 102b, 102¢ with access to packet-switched
networks, such as the Internet 114, {o facilitate commumications between the WTRUs 102a,
102b, 1}2¢ and IP-cnabled devices. The AAA server 186 may be responsible for user

authentication and for supporting user services. The gateway 188 may tacilitate intorworkiog
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with other networks, For examiple, the gateway 188 may provide the WTRUs 102a, 102b, 102¢
with access to circuit-switched networks, such as the PSTN 108, to facilitate conmmunications
between the WTRUs 102a, 102b, 102¢ and traditional land-line commumnications devices. In
addition, the gateway 188 may provide the WTRUs 102a, 102b, 102¢ with access to the
networks 112, which may include other wired or wireless networks that are owned and/or

operated by other service providers.

{6066} Although not shown in FIG. {E, it will be appreciated that the RAN 105 may be
connected to other ASNs and the core network 109 may be counected fo other core networks.
The communication link between the RAN 105 the other ASNs may be defined as an R4
reference point, which may include protocels for coordinating the mobility of the WTRUs 1{2a,
102b, 102¢ between the RAN 105 and the other ASNs. The communication link between the
core network 109 and the other core networks may be defined as an RS reference, which may
inchide protocols for facilitating interworking between home core networks and visited core

networks.

{6067] A human-machine interface (HMI) may receive data (e.g., sensor data) from one or
more sensors. The HMI may determine, based on the recetved sensor data, a cognitive state ofa
user and/or an affective state of the user. The HMI may adapt o the coguitive state and/or
affective state of the uaser. The HMI may deliver content to the user. The content may be
delivered to the user viaa WTRU 102 {e.g., a smart phone handset or a tablet computer, ete.) as
depicted in FIG. 1A through FIG. 1E. The WTRU 102 may include a processor 118 and a
display 128, as depicted in FIG. 1B, Systems 400, 500, 600, 700, 8GO, 900, 1000, 1100, 1200
and 1300, as disclosed hercin, may be implemented using a system architecture such as the
systems illostrated 1n FIG. 1C through FIG. 1E. The content may inclade video data, video game

data, cducational data, and/or training data.

168681 One or more (e.g., multiple} signals may be captured that may correlate to cognitive
load and/or affective state. The one or more signals may include scusor data received from one
or more sensors. For example, pupil dilation may be associated with cognitive effort. A change
in pupillary dilation elicited by psychological stimuh may be on the order of 0.5 mm. The
chance in pupillary dilation may occur as the result of a neural inhibitory mechanism by the
parasympathetic nervous system. FIG. 2 is a diagram illustrating example results of a study in
which subjects’ pupil diameters were measured while the subjects encoded memories with

varying levels of difficulty. With reference to FIG. 2, encoding a memory may be correlated
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with an increase in pupil diameter. A level of difficalty of the encoded memory may correlate

with a8 magnitade of the increase 1n pupil diameter.

[6069] There may be a number of approaches for measuring cognitive loading and/or
affective state with varying levels of invasiveness. The approaches for measuring coguitive
loading and/or affective state may include, galvanic skin response (GSR) or electrodermal
activity, voice analysis, facial expression analysis, body language analysis, eyve movement and
gaze tracking, blink ratc analysis, heart rate analysis, blood pressure analysis, respiration rate
analysis, body temperature analysis, and/or electroencephalography. Cognitive load and/or
affective state estimation {e.g., determination) may be performed using one or more of the
approaches for measuring cognitive loading and/or affective state {e.g., depending on the setting

and feasibility of obtaining the data),

{66761 Affective computing may inchide the study and development of systems and/or
devices that can recognize, interpret, process, and/or simulate human affects. Affective
computing may be an interdisciplinary ficld spanring at least computer science, psychology,
and/or cognitive science. A machine may interpret an emotional state of a human. The machine
may adapt a behavior to the emotional state of the human. The machine may provide an
appropriate response to the cmotional state of the human.

{66711 An affective state may be categorized into one or more predefined affective states.
The affective state may be categorized in a space, as shown by way of example in FIG. 3. The
one or more predefined affective states may cnable decision making based on an estimate of
human aftect. FIG. 3 is a diagram illustrating an example two-dimensional space 300 that may
be used to categorize affective states by plotting arousal against valence. The two-dimensional
space may inchide one or more predefined affective states. The two-dimensional space may
melude an arousal axis that is perpendicular to a valence axis. A predefined aftective state may
be defined by an arousal measure and a valence measure. The arcusal measure may include a
first distance from the arcusal axis. The valence measure may include a second distance from
the valence axis. The one or more predefined affective states may include angry, tense, fearful,
neutral, joyful, sad, and/or relaxed. For example, an angry predetined affective state may
include a negative valence measure and an excited arousal measure. As another example, a tense
predefined affective state may include a moderate negative valence measure and a moderaic
excited arcusal measure. As another exarple, a fearfl predefined affective state may include a
negative valence measure and a moderately excited arcusal measure. As ancther example, a

neutral predefined affective state may mclude a slightly excited or calm valence measure and a
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shightly positive or negative arousal mocasure. As another example, a joyful predefined affective
state may include a positive valence measure and an excited arousal measure. As another
example, a sad predefined affective state may inchlude a negative valence measare and a calm
arousal measure. As another example, a relaxed affective state may include a positive valence
measure and a calm arousal measure. Arousal may be a physiological and/or psychological state
ot being awake and/or reactive to stimuli. Valence may be a measure of an attractiveness (e.g.,

ositive valence) of or an aversiveness {e.2., negative valence) to an event, obiect, or situation.
\ > BCE » DOJCCH,

[B872] Arousal and/or valence may be tracked. For example, arousal and/or valence may be
tracked via speech analysis, facial expression analysis, body language analysis,
clectroencephalography, galvanic skin response (GSR) or elecirodermal activity (e g., a measure
of activity of the symapathetic nervous system, e.g., fight or flight response), tremor or muotion
analysis, pupillometry, eve motion/gaze analysis, blink rate analysis, heart rate analysis, blood
pressore analysis, respiration rate analysis, and/or body temperatore analysis. One or more
predefined affective states may be determined and may be plotted on a two-dimensional space
plotting avousal and valence. A predefined affoctive state may be concurrent with one or more
predefined atfective states. An arousal measure and a valence measure for the user may be
determined at various times. At the various times, the arousal measure and the valence measure

may be measured and/or plotted on the two-dimensional arousal valence space.

{8073} A game designer (e.g., a video game designer) may aticmpt to achicve a balance
between making games challenging (e.g., overly challenging), which may frustrate a user, and
making games casy (e.g., overly easy), which may bore the user. Sensor data may be captured
using gaming platforms that incorporate cameras, accelerometers, motion trackers, gaze trackers,
and/or the like. The sensor data may be analyzed to determine an affective and/or cognitive state
of the user. Analyzing the sensor data may imchude apalyzing one or more video images capturcd
of a user along with other senser input data, such as GSR, tremor, body language, and/or facial
expressions, Game content may be adjusted based on the determined affective and/or cognitive

state {e.g., (o ncrease or maximize the user’s engagement and/or reduce or minimize attrition).

[B674) For example, game content may be adapted by reducing the level of difficulty when a
user’s valence and arcusal measares indicate excessive anger with the game play. If
pupillometric estimates indicate that the user is saturated and/or unable to encode memaories,
game content may be adjusted based on the pupillometric estimates. A systers may approach
this wrade-off in an open-loop fashion. For example, afier a user attempts to achieve an objective

more than a threshold number of times, the system may provide the user with a hint or another
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form of assistance. A closed-loop approach may be more tuned to the user’s response to the
game content. Some systems may allow the user to select a level of difficulty for the game. An
adaptive difficulty mode may base the level of difficulty on the user’s measured affective and/or
cognitive state, The system may offer assistance and/or hints as the affective and/or cognitive
state may indicate that such assistance may improve the user’s gaming experience. Adaptive

difficulty may be enabled or disabled, for example, based on user preferences.

16075} FIG. 4 is a block diagram illustrating an example flow of information in an example
affective- and/or coguitive-adaptive gaming system 400. One or more sensors 402 may obtain
data (e.g., sensor data) associated with a user 404, The one or more sensors 402 may provide the
data for a cognitive/affective state estimation, at 406, The cognitive/affective state estimation, at
406, moay usc the data to determine (e.g., cstimate) the user’s cognitive and/or affective state.
The cognitive state of the user may include the cognitive load of the user. The determined user
cognitive and/or affective state information may be provided for a game difficulty adaptation, at
408. The game difficulty adaptation, at 408, may adjust the difficulty level of the game and/or
deterayine hints and/or other assistance to provide fo the user based on the determined cogoitive
and/or affective state of the user. Adjustments implemented by the game difficulty adaptation, at
408 may be performed by a game engine 410. The game engine 410 may present the game

experience to the user 404,

{8076} A timing for delivery {e.g., insertion) of content (e.g., one or more advertisements)
may be deteroined. The timing for delivery may increasce {e.g., maximize) an impact of the one
or more advertisermments.  An affective and/or cognitive state of 2 user may be used to influence
advertisement placement {e.g., a timing for debivery). f advertisements are inserted at the wrong
time {e.g., when the user is saturated with other activities) during a user’s session, the marketing
message may be lost, or an advertisement may be bypassed. By tracking a user’s affective
and/or cognitive state, a system may insert advertisements at a time that muay increase or
maxiroize the efficacy of the message delivery and/or reduce or minimize the frequency of
advertisement bypasses (e.g., “skip the ad” clicks). An adjustment to the timing of delivery may
not impact the overall rate of advertisement insertions. The adiustment to the timing of debivery
may optimize the immg of the fnsertion. For example, a time window may include a duration of
time doring which an advertisement may be inserted. The timing of the advertisement delivery
within the time window may be determined based on the user’s cognitive and/or affective state.
The advertisement may be inserted at a particular time within the window based on the detection
of a receptive cognitive state and/or a receptive affective state of the user at the particular time
within the window. The advertiscment may be inserted at or toward the end of the time window
-1
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on a condition that the affective and/or cognitive state of the user did not trigger an
advertisement insertion earlier in the time window. A content viewing timeline may be overlaid
with or partitioned into one or mudtiple such time windows such that one or maltiple
advertisements are inserted as the user views the content. For example, an hour long video
program (o1 an hour of video viewing, even if not a single video program} may be partitioned
mio five time windows of twelve minutes each, and the cognitive and/or affective state of the
user may be used to adjust the timing of delivery (e.g., tnsertion) of an advertisement into gach of
the five time windows. In this way an advertiser may time the delivery of advertisemenis to
cotncide with receptive cognitive and/or affective states of the user, while maintaining a pre-
determined overall rate of advertisement insertion (e.g., five advertisements per hour), The time
window may be combined with a normalized peak detector. The normalized peak detector may
determine an affective and/or cognitive state normalization based on a moving average of the
affective and/or cognitive state of the user. A threshold affective and/or cognitive state for
advertisement placement may adapt to a user with a lower average response.

16077} FIG. 5 is a block diagram illustrating an example tlow of information in an example
affective- and/or cognitive-adaptive advertisement inserfion timing system S00. One or more

ensors 502 may obtain data (e.g., sensor data} associated with a user 504, The one or more

w

sensors 502 may provide the data for a cognitive/affective state estimation 506, The
cognitive/affective state estimation subsystem 506 may use the data to determine {e.g., estimate}
a cognitive and/or affective state of the user S04, For example, an arcusal and a valence of the
user may be determined based on the data. The arousal and the valence of the user 504 may be
plotted on a two-dimensional arousal and valance space. The affective state of the user 504 may
be determined based on the plotied arousal and valence of the user 504, The user may be
associated with one or more predefined affective states based on the plot of arcusal and valence.
The cognitive staie of the user 504 may be determined based on the data. The cognitive state of

the user 304 may inchude the cognitive load of the user 504,

[0878] The determined cognitive and/or affective state of the user 504 may be provided for
an advertisement debivery timing, at 508, The cognitive/atfoctive state estimation 506 may be
provided via a network 510, The advertisement delivery timing, at 50R, may determine a timing
for delivery {e.g., schedule nsertion) of one or more advertisements based on the determined
cognitive and/or affective state of the user 504, An advertiscment insertion may be triggered
when the user 1s receptive. For example, an advertisement may be delivered to the user when the
user is receptive. The affective state of the user may indicaie when the user is receptive. For
cxample, a distance measure from the affective state of the user to a predefined affective state
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may be determined. The predefined affective state may include a predefined arcusal measure
and a predefined valence measure. When the distance measure from the atfective state of the
user to a predetermined affective state 1s below a predetermined threshold, the user may be
receptive. The user may be receptive when the user may be exhibiting moderately high arousal
and high valonce. Aun advertisement may be delivered to the user when a coguitive load of the
user 1s below a predetermined threshold. The cognitive load of the user may be below a

predetermined threshold when the user is able to encode new memories.

{6679} The determined timing for dehivery of the one or more advertisements, at 508, may be
provided to a content publisher 512, The content publisher 512 may deliver the one or more
advertisements and/or other content to the user 504 based on the determined timing. The
affective- and/or cognitive-adaptive advertisement insertion tining systom 500 may be
mplemented using a system architecture such as the systems depicted m FIG. 1C through FIG
IE. For example, the advertisement and/or the coment may be delivered to the aser viaa WTRU
102 {e.g., a smart phone handsct or a tablet computer, eic.) as depicted in FIG. 1C through FIG.
1E. By monitoring the user’s cognitive load and triggering (e.g., dehivering) the advertisement
when the user may be able to encode new memories, retention of the advertisement’s marketing
message may be increased or maximized. A likelibood that the user’s behavior may be changed
by the advertisement marketing message may be increased when the advertisement is delivered

when the cognitive load of the user is below a predetermined thresheld.

{6080} An affective and/or coguitive state of a user may be used to assist drivers and/or
pilots. The cognitive state of the user may be given more weight than the affective state of the
user {e.g., cognitive processing may be more important than affective state). Adaptation of
infotainment systems may leverage affective state estimation as disclosed herein. For example,

music may be suggested to a driver based on the affective state of the driver.

{8081} Drivers or pilots may become distracted or saturated with lower priority interface
alerts and may miss bigh priority messages, such as collision alerts. The cognitive load of the
user oay be reonitored, for example, via puptllometry (e g., using a rear-view mirror or
dashboard mounted camera), GSR {e.g., using GSR sensors incorporated i the steering wheel or
atreraft yoke), voice analysis {e.g., as captured by a vehicle commumications system), and/or
information from a vehicle navigation system (e.g., based on GPS, efe.}. These inputs may be
syuthesized into a cognitive lead assessment that may be used to provide one or more triggers
{e.g., dynamic triggers, for user interface alerts). For example, if the fuel level 1s dropping below

a threshold, an alert may be timed for delivery to avoid distraction and/or allow the driver to

- 16 -



WO 2015/127361 PCT/US2015/017093

maintain focus on higher priority tasks, such as avoiding collisions. The alert may be timed for
delivery in a prioritized manner based on a cognitive and/or affective state of a driver or pilot.
The prioritized manner may enable one or more critical alerts to be processed immediately {e.g.,
without delay). A lower priority alert, in the prioritized manncr, may be delivered while a
cogoitive bandwidth {e.g., cogritive load) of the driver or pilot enables the driver or pilot to
focus on the lower priority alert. The vehicle navigation system may be used to keep track of

key points on a route and/or to trigger alerts of upcoming maneuvers.
Y £E ! g

{B082) Cognitive loading may provide an input to the timing of one or more user interface
messages. For example, if the driver or pilot is {e.g., according to a preplanned navigation route
or a flight plan} approaching a location that may involve the execution of a maneuver, such as an
exit from a highway or a vector change, the HMI may deliver one or more vonessential messages
while monitoring cognitive load and may provide one or more indications based on the cognitive
load ofthe user. For example, if pupillometric and/or galvanic skin response {GSR}
measurements ndicate that the driver or pilot is not saturaied with mental activity, in advance of
a critical maneuver, the interface may indicate the presence of a lower priority interrupt, e.g.,
maintenance reminders, efc. As another example, if pupillometric and/or GSR measurements
indicate that the driver or pilot may be saturated with mental activity, the interface may omit or

delay indicating the presence of lower priority interrupts,
J =3 J

{8083} FIG. 6 15 a block diagram illustrating an example flow of information n an example
affective- and/or coguitive-adaptive alert system 600, One or move sensors 602 {e.g., a driver or
pilot facing camera, steering wheel or yoke-mounted GSR sensor, eie.) may obtain data
associated with a driver or a pilot 604. The one or more sensors 602 may provide the data fora
cognitive/affective state estimation, at 606. The cognitive/affective state estimation, at 606, may
include using the data (o dotermine {e.g., estimate} a coguitive and/or affective state of the driver
or the pilot 604, The cognitive state of the driver or the pilot 604 may inclade the cognitive load
ot the driver or the pilot 604. The deternuned cognitive and/or atfective state may be provided
for an alert scheduling, at 608, and/or a music or multimedia selection, at 610, The alert
scheduling, at 608, may determine a tinxing for delivery of one or moere alerts for presentation on
an alert display interface 612, The timing for delivery of the one or more alerts may be based on
the determined cogunitive and/or affective state of the driver or pilot 634, mformation froma
vehicular navigation system 614, information from a vehicle status monitoring 616, and/or
mformation from a vehicle commuunications systern 618, The music or multimedia selection, at

610, may select music and/or multimedia content for the driver or pilot 604 based on the
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deternvined affective state of the driver or pilot 604, The selected music and/or nultimedia

content may be delivered to the driver or pilot 604 via a vehicle infotainment system 620,

[B084] Affective and/or cognitive staie may be used in educational seitings, such as
computer-based training scssions and/or a classroom environment {e.g., a live classroom
environment). One or more cues may be used to determine student engagement and retention.
The one or more cues may be used to control the flow of information and/or the timing of breaks
in the flow of information. A cognitive and/or affective state of a student may be used to
determine a timing for {e.g., pace) the presentation of material. The cognitive state of the student
may inchude the cognitive load of the stadent. The cognitive and/or affective state of the student
may be used as a trigger for repetition and/or reinforcoment. For example, if the first
preseutation of a topic resulis i a negative affoct (e.g., high arousal and vegative valence), the
topic may be clarified and/or additional examples may be provided. The cognitive and/or
affective state of the stodent may be used by a teacher {e.g., a live teacher) or in the context of
computer-based training. For example, an ability of a student to absorb material may be
calculated based on the cognitive and/or affective state of the student. As another example, the
fiming of a break {e.g., appropriate breaks) may be calculated based on the cognitive and/or
affective state of the student. The computer-based or Hive training systom may monitor one or
more sfudents in a class. The computer-based or Bve training system may provide one or more
mdications {e.g., reports} of the cognitive and/or affective states of the one or more students. For
example, the one or more indications may be presented to a teacher in a Hve classroom via an
HMI during the class. Based on the cognitive and/or affective state of the one or more students,
the computer-based or live training system moay determine an efficacy of a rate (e.g., a current
rate) of teaching and/or may monitor incipient frustrations that may be developing. In the hve
training {e.g., classroomy) system, the teacher may be presented {e.g., via an HMI) with a
recommendation to change the teaching pace, to spend additional time to reinforce material
associated with low {e.g., poor) cognitive and/or affective states, and/or to spend additional ime
with one or more students identified as having a low {e.g., poor) cognitive and/or affective state.
in the computer-based training (e.g., learning) system, the teaching pace {e.g., the pace of the
lessons) may be adjusted, and/or the reinforcement of material for a student may be triggered
automatically in response to detection of a low {e.g., poor} cognitive and/or affective state of the

student.

{B085] FIG. 7 1s a block diagram iHustrating an exarople flow of information in an example
affective- and/or cognitive-adaptive education system 700, For computer-based fraining, a
student 702 may be located in close proximity o a computer. Cognitive and/or atfective state
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tracking of the student 702 may be performed via onc or more sensors 704, such as a front facing
camera. The one or more sensors 704 may provide data (e.g., sensor data) associated with the
student 702 to a cognitive/affective state estimation, at 706. At 706, the cognitive/affective state
cstimation may estimale {e.g., delermine} a cognitive and/or affoctive state of the student 702
based on the sensor data. The determined cognitive and/or affective state of the user may be
provided to analyze an etficacy of a pace, a repetition, a review, and/or a break. At 708, the
pace, repetition, review, and break analysis may indicate to a tcacher or computer-based fraining
subsystem 710 whether to increase or decrease a pace of information flow and/or whether to
review a previous fopic. The cognitive and/or affective state tracking input may be used to tine
breaks in the training (e.g., to provide the students with fime {0 rest and be able to returm to the
training scssion with a better attitude and with a restored level of cognitive resources). Fora live
classtoom sectting, the affective- and/or cognitive-adaptive education systern 700 may provide an
mdication of student reception on a display {e.g., 2 heads up display (HUD) that may be visible
10 a teacher during the course of a class). Ina classroom {e. g, a live classroom) setting, one or
more sensors 704 may be used to track the cognitive load of one or more students. The one or
more sensors 704 may be mounted at the front of the classroom. The one or more seosors 704
may track the faces of the one or more students. The one or more sensors 704 may include one
or more telephoto lenses. The one or more sensors 704 may use electromechanical steering (e.g.,

to provide sufficiont resolution for pupillometric measurements).

{6086} Affective and/or cognitive state may be used for product suggestion (e.g.,
advertisement sclection). A conient provider may provide a user with a suggestion based on
feedback {e.g., explicit feedback). The feedback may inchude a click of a “like” button and/or
prior viewing choices by the user. A retailer may suggest {e.g., select for delivery) one or more
products based on a browsing and/or porchase history of the user. The cognitive and/or affective
statc of the user may be tracked {(e.g., to facilitate sclecting advertisements for products and/or
content that the user may enjoy). For example, when the user exhibits a high level of arousal
{e.g., a high arousal measure} and positive valence {(e.g., joyfulness) following the presentation
{e.g., delivery) of & certain type of video, audio, or product, the retailer may select a product for
delivery that has historically elicited posttive affective responses from similar users. Similar
users may include users who have had similar affective responses to content as the current user
of interest. Users who have had similar responses can be used as proxies for the expected
response of the current {e.g., target) user to new content.

{BOR7] FIG. 8 is a block diagram iHustrating an example flow of information in an example

affective- and/or cogaitive-adaptive product suggestion system 800, One or more sensors €02

T oLedn T



WO 2015/127361 PCT/US2015/017093

may generate data (¢.g., sensor data) associated with a user 804, The one or more sensors %02
may provide the data for a cogmitive/affective state estimation. The cognitive/affective state
¢stimation, at 806 may estimate (e.g., determine) a cognitive and/or affective state of the user
based on the data. The cognitive and/or affective state of the user may be provided fora
product/content suggestion. The cognitive and/or affective state of the user may be provided for
the product/content suggestion, via a network 810, At 808, one or more products or content may
be determined or selected for delivery to the user based on the cognitive and/or affective state of
the user. The product/content suggestion may determing one or more products or content based
on one ot more products or content that has historically clicited similar responses o audicnces, in
other users, 1 similar users, or in the current user, The one or more products or content
information determingd by the product/content suggestion may be provided to a conient
publisher or a retailer 812, The content publisher or the retailer 8172 may deliver an
advertisernent for the one or more products or the content selected for delivery to the user 804,
The affective- and/or cognitive-adaptive product suggestion system 800 may be implemented
using a system architecture such as the systems depicted in FIG. 1C through FIG 1E. For
exaraple, the advertisement and/or the content may be delivered to the user viaa WTRU 102

{e.g., a smart phone handset or a tablet computer, erc.) as depicted in FIG. 1C through FIG. 1E.

{0GRE] An affective- and/or cognitive-adapiive product suggestion system ray track a
cogmitive and/or affective state of a user as the user consumes content (e.z., an advertisement).
The affective- and/or cognitive-adaptive product suggestion system may categorize the coguitive
and/or affective siate of the user as the user consumes content. The affective- and/or cognitive-
adaptive product suggestion sysiern may catcgorize one or more stivwius/response pairs based
on the cognitive and/or affective state of the user as the user consumes content. The stimulas in
a stimulos/response pair may include information presented to the user (e.g., content). The
response in the stimulus/response pair may include a cognitive state and/or an affective state of
the user in response to the information presented to the user. The user may be associated with a
customer category based on the one or more stimutlus/response pairs. The one or more
stimplus/response pairs may indicate how the content or product made the user feel. The one or
more stivwlus/response paits may be stored n a database. The user may be associated with a
customer category based on the one or more stimulus/response pairs. An advertisement may be
selected for delivery to the oser based on the customer category associated with the user. The
affective- and/or cognitive-adaptive product suggestion system may observe how the user
responds to different content or products and, over time, develop a stimulus respense model.

The stimulus response model may be based on historical user responses to one or more prior

-2
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advertisements. The stimulus response model may be used to categorize one or more
preferences of the user. The stimulus response model may be used to select an advertisement for
delivery to the user. The stimalus response model may seloct an advertisement for delivery to
the user based on one or more previous responses by the user (o one or more advertiscments for
ong or more products. For example, a first advertisement for a fivst product may be sclected for
delivery to the user based on a previous response of the user to a second advertisement for a

second product.

{B089] FIG. 9 is a block diagram illustrating an example customer categorization subsystem
900 that may be used by or iIn conjunction with a product saggestion system, such as the
affective- and/or cognitive-adaptive produci suggestion systerm 800, Onc or more sensors 902
may generate data (e.g., sensor data) associated with a user 904 when the user 904 is presented
with content and/or product imformation 910. The one or more sensors 902 may provide the data
1o a cognitive/affective state estimation subsystem 906. The cognitive/affective state estimation
subsystem 906 may usc the data to determine {e.g., cstimaie) a cognitive and/or affective siate of
the user 904, The cognitive/affective state estimation subsystem 906 may provide the
determined cognitive and/or atfective state of the user 904 to a stimulus/response database 908,
The cognitive/atfective state estimation subsystem 906 may combine the determined cognitive
and/or affective state of the user 904 with content and/or product mformation 910, The customer
categorization subsystem 900 may process stimulus/response entries to associate the user 904
with a customer category at 812. The customer category may be a predefined castomer category.
The customer categorization subsystem %00 may store categorization information, one or more
predefined custorer categories, and/or one or more stimulus/response pairs i a customer
category database 914, The customer category database 914 may be a stimulas response

database.

RS For example, a user may be placed in {e.g., associated with) a category associated
with enjoying certain content or products and being unhappy with other content or products.
Content {e.g., specific content) and/or one or more producis that are widely consumed {(e.g.,
popular content and/or popular products) may be used as markers for user affinity. The content
and/or one or more products that ave widely consumed may be used to associate one or more
advertisements with one or more customer categorics. One or more advertisement selections
{e.g., product suggestions) may be determined based on a stimulus/response pair {e.g., by
extrapolating one or more positive responses) from one or more other users in the same or a

stivilar customer category.
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16091} FIG. 10 is a block diagram ilustrating an example product/content suggestion
subsystem 1000, The example product/content suggestion subsystem 1000 may be used by or n
conjunction with a prodoct suggestion system, such as the affective- and/or cognitive-adaptive
product suggestion system 800, The product/content suggestion subsystem 1000 may determine
{e.g., look up) a customer category at 1002 for a custerner. The product/conterd suggestion
subsystem 1000 may determyine the customer category for the customer for a customer fiom a
customer category database 1004, At 1006, the product/content suggestion subsystem 1000 may
select content and/or one or more advertiscmonts for a product or products from a
stimulus/response database 1008, The selected content and/or the one or more advertisements
may be selecied based on having historically elicited positive responses from similar customers
{e.g., customers in the same customer category as the customer). At 1019, the product/content
suggestion subsystem 1000 may deliver {e.g., provide) ap advertisement for a selected product
and/or content (e.g., suggestion} to the customer. The product/content suggestion subsystem
1600 may be mmplemented using a system architecture such as the systems depicted in FIG. 1C
through FIG 1E. For cxample, the advertisement and/or the content may be delivered to the
customaer via a WTRU 102 {e.g., a smart phone handsct or a tablet computer, ete.} as depicted in

FIG. 1C through FIG. 1E.

0692 An affective- and/or cognitive adaptive product suggestion systom, such as the
affective- and/or cognitive-adaptive product suggestion syster 800, may indicate that a user who
watched a first content or advertisement and/or bought a first product may be interested in a
second content and/or a sccond product. A person that watched and/or bought the first content
and/or the first product may not have enjoyed or been pleased with the first content and/or the
first product. A user who watched and/or bought the fivst content and/or the first product may

not be pleased with the second content and/or the second product.

{0093} By monttoring the affective and/or cognitive state of the user, an affective- and/or
cognitive-adaptive product suggestion system (e.g., the affective- and/or cognitive-adaptive
product suggestion systern 830} without the need for explicit user feedback, may be able to
mdicate (e.g., report) to a user that one or more users with similar tastes or interests who enjoyed
or were pleased with a first content and/or first product have also enjoyed or were also pleased
with a second content and/or a second product. The affective- and/or cognitive-adaptive product
suggestion system may not reguire (e.g., avoid the need for) explicit user feedback. The
affective- and/or cognitive-adaptive product suggestion systers may provide a faster {e.g., more
immediate) and/or more direct measure of consumer satisfaction. For example, a user may not
be conscicusly aware of an enjoyment level of the user. As another example, the user may be

I8 .
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foflucnced by one or more transient events, which may not atfect a user asscssment of the user

experience.

[6894] Affective and/or coguitive state may be used for human-machine-machine-human
wderactions, such as video chat. Affective and/or cognitive analysis of one or more participants
may be performed in a real-time video chat {e.g., video call) between two or more participants.
The affective and/or cognitive analysis of the one or more participants may provide information
{0 one or more participants to cnhance the flow and/or content of imformation. The affective
and/or cognitive analysis may determine a cognitive state of one or more participants and/or an
affective state of the one or more participants based on sensor data. Affective and/or cognitive
statc analysis may assist in interpersonal relationships. For example, a participant ina
conversation may otfend (e.g., unkvowingly offend} another participant. When affective state
analysis is performed, an interaction between two or more participants may be improved (e.g.,
and issucs may be dealt with rather than leaving them unaddressed). A user interface on an end
{e.g., each cnd) of the real-time video chat may incorporate cognitive and/or affective state
analysis. A user video stream moay be processed for cognitive and/or affective state analysis at a
client {e g, cach client) or in a central server that processes the session video {e.g., the one or

more session video streams).

[B865] FIG. 11 is a block diagram illustrating an example affective- and/or cognitive-
adaptive video chat system 1106, The affective- and/or cognitive-adaptive video chat system
1100 may inclode one or more displays 1102, 1104 and one or more cameras 1106, 1108, One
or more video clients 1110, 1112 may communicate with cach other via a network 1114, such as
the Internet. The one or more cameras 1106, 1108 and/or other sensors (not shown in FIG. 11}
may provide data to one or more cognitive/atfective state estimation subsystems 1116, 1118,
The one or more cognitive/affective state estimation subsystems 1116, 11318 may determine (e.g.,
estimate) a cognitive and/or affective state of a remote participant. For example, the
cognitive/affective state estimation subsystem 1116 may use data from a camera 1106 to
determine {e.g., estimate) a cognitive and/or affective state of a participant located proximate to
the camera 1106, The cognitive/affective state estimation subsystem 1118 may use data from a
camera 1108 to determine (e.g., estimate) a cognitive and/or affective state of a participant
located proximate o the camera 1108, The cognitive/affective estimation subsystems 1116,
1118 may provide the determined cognitive and/or affective state information to respective video
annotation generation subsysterns 1120, 1122, The respective video annotation generation
subsystems 1120, 1122 may generate one or more annolations (e.g., one or more video
annotations) to be displayed using the displays 1162, 1104, respectively. The affective- and/or
T
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cognitive-adaptive video chat system 1100 may be topiemented using a system architecture such
as the systerns depicted in FIG. 1C through FIG 1E. For example, the one or more displays
1102, 1104 may inchide a WTRYU 102 (e.g., a smart phone handset or a tablet computer, efc.) as

depicied in FIG. 1C through FI1G. 1E.

{8096] Examples of a video ammotation may include an indication, to a first party, thata
second party (e.g., the other party) in a call may be confused and/or may desive clarification or
reiteration. For examnple, the sccond party may desire additional time before continuing the
discussion (e.g., while processing information}. The second party may be offended and may
desire an apology or other form of reconciliation. The second party may be overloaded and may
desire a pause or break from the conversation. The second party may be detached (e.g., may not
be paying attention). A cognitive/affective estimation subsystem may detormine (e.g., estimate)
that the other party may be deceptive based, for example, on facial expressions and/or cognitive
and/or affective analysis. When a party is determined to be deceptive, the cognitive/atfective
cstimation subsystom may indicate that the party is being deceptive and that the party be handled
with caution {e.g., be wary of responses provided by the party, be alert for any deceptive tactics,

arc.).

[6097] An interpretation may be performed. The interpretation may be performed by
leveraging one or more reference pairs of cognitive and/or affective state and/or one or more
wnterpretations to provide interpretations of the cognitive and/or affective state to one or more
users. FIG. 12 is 8 block diagram illustrating an cxample subsystem 1300 that may populate a

state/Interpretation database 1202 with training data. The training data may link one or more
pod fec) gt

cognitive and/or affective states with one or more interpretations {e.g., offended, bored,
deceptive, confused, eic.). A cognitive/atfective state estimation subsystern 1204 may receive
daia from one or more sensors 1206, The one or more sensors 1206 may capture, for example,
one o7 more images and/or biometric data associated with a user 1208, The one or more images
and/or biometric data from the user 1208 may include, e.g., speech analysis, facial expression
analysis, body language analysis, eye motion/gaze direction analysis, blink rate analysis, and/or
the ke, The cognitive/affective state estimation subsystem 1204 may determine {(e.g., cstimate)
a cognitive and/or affective state of the user 1208, The cogmtive/affective state estimation
subsystem 1204 may determine the cognitive and/or affective state of the user 1208 based on the
ong or more images and/or biometric data. The cognitive/affective state estimation subsystem
1204 may populate the state/interpretation database 1202 with the determined cognitive/affective

state of the user 1208,
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16098} FIG. 13 is a block diagram Ulustrating an example video annotation generation
subsysten 1300, One or more sensors 1302 may capture one or more images and/or biometric
data associated with a user 1304. The one or more images and/or biometric data may inchude,
e.g., speech analysis, facial expression analysis, body language analysis, eyc motion/gaze
direction analysis, blink ratc analysis, and/or the like. The one or more sensors 1302 may
provide the one or more Images and/or biometric data to a cognitive/affective state estimation
subsystem 1306. The cognitive/affective stale cstimation subsystem 1306 may determine (e.g.,
cstimate) a cognitive and/or affective staie of the user 1304, The cognitive/affective state
cstimation subsystem 1306 may determine the coguitive and/or affective state of the user 1304
based on the one or more images and/or biometric data. One or more cognitive and/or affective
interpretations may be generated via a state/interpretation database 1308, At 1310, the video
annotation generation subsystern 1300 may provide one or more video annotations that may

mdicate the one or more cognitive and/or affective mterpretations.,
<

[0899] The processes and instrumentalitics described herein may apply in any combination,
may apply to other wircless technologies, and for other services.

[BH168] A WTRU may refer to an identity of the physical device, or to the user’s identity such
as subscription related identities, e.g., MBISDN, SIP URI, efc. WTRU may refer to application-
based identitics, e.g., user names that may be used per application,

{0181 The processes described above may be implemented in a computer program,
software, and/or firmware incorporated in a computer-readable medium for execution by a
computer and/or processor. Examples of computer-readable media include, but are not Himited to,
clectronic sigoals (transmitted over wited and/or wireless commections) and/or computer-readable
storage media. Examples of computer-readable storage media include, but are not honted to, a
read only memory (ROM}, a random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as, but not limited to, internal hard disks
and removable disks, magneto-optical media, and/or optical media such as CID-ROM disks,
and/or digital versatile disks {DVDis). A processor in association with software may be used to
implement a radio frequency transceiver for use n a WTRU, UE, terminal, base station, RNC,

and/or any host compuier.
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CLAIMS
What is Claimed:
1. A method for managing a content placement in a human machine interface

{(HM1), the method comprising:

recetving sensor data from one or more Sensors;

determining, based on the received data, at least one of a cognitive state of a user or an
affective state of the user;

determining a timing for delivery of content based on at least one of the determined
cognitive state of the user or the determined affective state of the user such that the
advertisement is delivered to the user when a coguitive load of the user is below a predetermined
threshold or when the affective state of the user indicates that the user is receptive; and

delivering, via the HMI, the content to the user based on the determined fiming,

2. The mocthod of claim 1, wherein the sensor data comprises at feast one of camera
data, galvanic skin response (GSR}) data, voice analysis data, facial expression analysis data,
body language analysis data, eye movement and gaze tracking analysis data, blink rate analysis
data, electrocncephalographic data, electrodermal activity data, pupillometry data, heart rate
data, blood pressure data, respiration tate data, or body tomperature data,

3. The method of claim |, wherein the cognitive state of the user comprises the

cognitive foad of the user.

4. The method of claim 1, wherein the atfective state of the user comprises an
arousal measure and a valance measure.
5. The method of claim 4, wherein the affective state of the user indicates that the
user is receptive when a distance measore from the affective state of the user to a predefined
affective state is below a predetermined threshold, and wherein the predefined affective state
comprises a predefined arousal measure and a predefined valance measure, and wherein the
distance measure is based on a distance between the affective state of the user and the predefined
affective state, and wherein the distance measure compriscs an arousal measure and a valance

measure.
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6. The method of claim 1, further comprising selecting the content for delivery to the

user based on at least one of the cognitive state of the user or the affective state of the user.

7. The method of claim 1, further comprising selecting the content for delivery to the
user based on a stimulus response mode! for the user based on historical user responses to priox

content.

8. The method of claim 1, further comprising selecting the content for delivery to the
user based on a stimubus respounse database of customers in a predefined customer category that

includes the user.

9. The mocthod of claim 1, further comnprising:

associating the user with a customer category based on a stimulus/response pair based on
mformation presented to the user and at least one of the cognitive state or the affective state of
the user in response to the information presented; and

selecting the content for delivery 1o the user based on the customer category associated

with the user.

10. The method of claim 1, wherein the content is a first advertisement for a first
product, further comprising selecting the first advertisement for delivery to the user based ona

previous response of the user o a second advertisement for a second product.

11, The method of claim 1, wherein the content is a first content, the method further
comprising:

delivering, via the HMI, a second content 1o the user, wherein the second content
comprises at least one of video data, video game data, ¢ducational data, or training data; and

storing a stimulus/response pair based on the second content delivered to the user and at
least one of the cognitive state or the atfective state of the user i response to the second content

delivered to the user.
12, The method of claim 1, wherein determining the at least one of a cognitive state

of a user or an affective state of the user comprises:

analyzing the received sensor data;

- 30 -
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plotting an arousal measure and a valence measure on a two-dimensional arousal valence
space; and

associating the user with one or more predetfined affective states based on the plotting.

13, The method of claim 1, wherein the contont comprises an advertiscment.
14, Asystem configured to manage a content placement in a human machine

interface (HMI), the system conmprising:

a processor configured at loast o part to:

receive sensor data from one or more sensors;

cterming, based on the received sensor data, at least one of a cognitive state of a

user or an aifective state of the user;

determine a timing for delivery of content based on at least one of the determined
cognitive state of the user or the determined affective state of the user such that the
content is delivered to the user when a cogaitive load of the user is below a
predetermined threshold or when the affective state of the user indicates that the user is
receptive; and

deliver, via the HMI, the content to the user based on the determined timing.

15, Thesystem of claim 14, wherein the sensor data comprises at least one of camera
data, galvanic skin response (GSR)} data, voice analysis data, facial expression analysis data,
body language analysis data, eye movement and gaze tracking analysis data, blink rate analysis
data, electroencephalographic data, clectrodermal activity data, pupillometry data, heart rate

data, blood pressure data, vespiration rate data, or body temperature data,

16,  The system of claim 14, wherein the cognitive state of the user comprises the

cognitive load of the user,

17.  Thesystem of claim 14, wherein the affective state of the user comprises an

arousal measure and a valance measure.

18. The system of claim 17, wherein the affective state of the user indicates that the
user is receptive when a distance measure from the affective state of the user to a predefined

affective state is below a predetermined threshold, and whercin the predefined atfective state

- 31 -
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comprises a predetined arousal measure and a predefined valance measure, and wherein the
distance measure 1s based on a distance between the affective state of the user and the predefined
affective state, and wherein the distance measure comprises an arousal measore and a valance

measure.

19, The system of claim 14, wherein the processor is further configured to select the
content for delivery to the oser based on at least one of the cognitive state of the user or the

affective state of the user.

20, The system of claim 14, wherein the processor is further configared to select the
content for delivery to the user based on a stimulus response model for the user based on

historical user responses 1o prior content.

2i. Thesystem of claim 14, wherein the processor is further configured to select the
content for delivery to the user based on a stimulus response database of customers in a

predefined customer category that includes the user.

22, The system of claim 14, wherein the processor is further configared to:

associate the user with a customer category based on a stimulus/tesponse pair based on
mformation presented to the user and at least one of the cognitive state or the affective state of
the user n response to the information presented; and

select the content for delivery to the user based on the customer category associated with

the user.

23. The system of claim 14, wherein the content is a first advertisement for a first
product, and wherein the processor is further configured to select the first advertisement for
delivery to the user based on a provious response of the user to a second advertisement for a

second product.

24, The system of claim 14, wherein the content is a first content, and wherein the
processor 15 further configured to:
deliver, via the HMI, content to the user, wherein the content comprises at least one of

video data, video game data, cducational data, or training data; and

- 37 .
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store a stimulus/response pair based on the content delivered to the user and at least one
of the cogmitive state or the affective state of the user in response to the content delivered to the

URCY.

25 'The system of claim 14, wherein the processor configured to determyine the at
least one of a cognitive state of a user or an affective state of the user comprises the processor
further configured to:

analyze the received sensor data;

plot an arousal measure and a valence measure ou a two-dimensional arousal valence
space; and

associate the user with one or more predefined affective states based on the plot.

26. The system of claim 14, wherein the content comprises an advertisement.
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