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ABSTRACT

Video of one or more people is obtained and analyzed. Heart
rate information is determined from the video and the heart
rate information is used in mental state analysis. The heart
rate information and resulting mental state analysis are cor-
related to stimuli, such as digital media which is consumed or
with which a person interacts. The heart rate information is
used to infer mental states. The mental state analysis, based
on the heart rate information, can be used to optimize digital
media or modify a digital game.

232

VIDEO GAPTURE
240
ANALYZE VIDEQ ANALYSIS VIDEO
TO DETERMINE TO DETERMINE
FACIAL HEART RATE DETERMINE
MOVEMENTS INFO CONTEXT SUCH MEDIA
242 044 AS STIMULUS PRESENTATION
= = 260 262 \
~_— 1
CORRELATE MENTAL GAME
INFER MENTAL STATE STATE WITH STIMULUS 264
20 270 =

[,

MODIFY GAME
272

]




US 2014/0200416 A1

Jul. 17,2014 Sheet 1 of 5

Patent Application Publication

00L

~

091
ONINGV3T

A

621
ASNOJS3H
OINOL ANV OISYHd 31VNTVAT

4%
3ISTINd
INNTOA AOO1d FLVINO1VD

ot
NOISNTO00 30V4 NI d010V4

L "OId

=

0SL
S3IVIS TVINIW d34434NI
NO d3Svd NOILVINIS3Idd
VIA3N FZATVYNY

NOILVLINIS3Hd
vIA3an 3ZINILJO

csl
SSANIAILOFHAT

av 3a1vnivaa

ort
O=INI 31V LHVIH NO
a3svd 31VLS TVLINIW HIANI

671
ALVOIHOOV

el
SNTNNILS OL F1LV1IHHOD

ecl
ALITIAVIEVA
1V 1dV3IH INING313d

44"
31vd 1d4V3H INING313d

F

vl
OV1 3INIL NI 4OLDVv4

oct
O4NI 31Vd 1dv3dH INING313d
Ol O3AIA FZAXTVNY

arL
FONITVA ININGTL3A

124"
NOILN3LLVY ANIWHST1L3d

4

474"
TvSNOHY ANING313d

413
WYDg3IM
ONISN OJAIA IHNLDVO

oLl
O3AIA NIVLEO

91l
LINYIINI FHL
d3AC OIAIA IAIFOTH

il
d31NdNOI d3HLONY
WGOH4 O3dIA IAIFOFH




US 2014/0200416 A1

Jul. 17,2014 Sheet 2 of 5

Patent Application Publication

HENI//‘

Zle

JNVO AJIAOIN

¥92
JNVO

[4°T4
NOILVINISIHd
VIQ3InW

A 4

) Z "OId
02 552
SNTNNILS HLIM T1VLS e
TWLNIN TLY 1IN0 J1VLS TYLNIN H34NI
| \/
09¢ _ _
SNINNILS SY ¥¥e ve
HONS 1X3LNOD O4NI SLINIWIAOIN
ININNTLIA 31V 1HvY3aH IVIOVA4
INIWY3T13a OL ININY313a OL

O3dIN SISATVNY

O3AIN FZATVYNY

ove

FAdN1dVD O3AIA

A




US 2014/0200416 A1

Jul. 17,2014 Sheet 3 of 5

Patent Application Publication

00€ //V

z5¢
1HOIT d3103743d
NI SIONVHO NO d3svd
J1Vd 14vV3H ININSG313d

0S¢
SHA1LINVAEVYL
TVOIDOTOISAHA NIVLEO OL
STVNDOIS 304dNOS SS300Hd

(73
STVYNOIS
30dNOS INIANI43IANI OLNI
S3OVHL Mvd 3SOdINOCDEd

*

0ge
S3OVHL Mvd INHOA
OL ONIDVHINV ATIVILVLS
ANV SaANTVYA TaNNVHO
OLNI S8713XId 31vdvd3S

+

(0143
30Vv4 ONIANTONI LSFH3LNI
40 NOID3IH HSINgV1S3

+

0lL€
NOILYOO1 30Vd AdILN3AI

€ OlH



US 2014/0200416 A1

Jul. 17,2014 Sheet 4 of 5

Patent Application Publication

¥ ZTh
SISATYNY SISATYNY
31vd 1Yv3aH JUNLYHIJWIL NIMS
oeY —
ocV
SISATVNY
HIALIANOHTTIDOV SISATYNY vad3

ocv
d3AI303d

Ly

v "Old

oLy




US 2014/0200416 A1

Jul. 17,2014 Sheet 5 of 5

Patent Application Publication

966 AHONWEIN

¥SS HOSS300Hd

2SS AV1dSIa

0SS
d3INLTS

825 NVOE3IM

92S AdOW3IN

728 H0OSSIDOH

¢2s Av1dsId

02S
ANIHOVIN
jizelel!

S ‘OId

A

SISATVNY

0rs

v1iva o3daia

0cs
viva O3din

998
JOSN3SOoId

005§



US 2014/0200416 Al

MENTAL STATE ANALYSIS USING HEART
RATE COLLECTION BASED ON VIDEO
IMAGERY

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provi-
sional patent applications “Mental State Analysis Using
Heart Rate Collection Based on Video Imagery” Ser. No.
61/793,761, filed Mar. 15, 2013, “Mental State Analysis
Using Blink Rate” Ser. No. 61/789,038, filed Mar. 15, 2013,
“Mental State Data Tagging for Data Collected from Multiple
Sources” Ser. No. 61/790,461, filed Mar. 15, 2013, “Mental
State Well Being Monitoring” Ser. No. 61/798,731, filed Mar.
15, 2013, “Personal Emotional Profile Generation” Ser. No.
61/844,478, filed Jul. 10,2013, “Heart Rate Variability Evalu-
ation for Mental State Analysis” Ser. No. 61/916,190, filed
Dec. 14,2013, “Mental State Analysis Using an Application
Programming Interface” Ser. No. 61/924,252, filed Jan. 7,
2014, and “Mental State Analysis for Norm Generation” Ser.
No. 61/927,481, filed Jan. 15, 2014. This applicationis also a
continuation-in-part of U.S. patent application “Mental State
Analysis Using Web Services” Ser. No. 13/153,745, filed Jun.
6, 2011, which claims the benefit of U.S. provisional patent
applications “Mental State Analysis Through Web Based
Indexing” Ser. No. 61/352,166, filed Jun. 7, 2010, “Measur-
ing Affective Data for Web-Enabled Applications” Ser. No.
61/388,002, filed Sep. 30, 2010, “Sharing Affect Data Across
a Social Network™ Ser. No. 61/414,451, filed Nov. 17, 2010,
“Using Affect Within a Gaming Context” Ser. No. 61/439,
913, filed Feb. 6, 2011, “Recommendation and Visualization
of Affect Responses to Videos” Ser. No. 61/447,089, filed
Feb. 27, 2011, “Video Ranking Based on Affect” Ser. No.
61/447,464, filed Feb. 28, 2011, and “Baseline Face Analy-
sis” Ser. No. 61/467,209, filed Mar. 24, 2011. The foregoing
applications are each hereby incorporated by reference in
their entirety.

FIELD OF ART

[0002] This application relates generally to analysis of
mental states, and more particularly to mental state analysis
using heart rate collection based on video imagery.

BACKGROUND

[0003] It is well known that an individual’s emotions or
mental state can cause physiological changes. Examples of
such physiological changes include sweating, changes in res-
piration, facial movements, fidgeting, changes to blood pres-
sure, and changes to heart rate. Heart-rate related indications
of mental state can include a measure of absolute heart rate
(HR), heart rate variability (HRV), and blood volume pulse
(BVP). Anindividual’s heart rate can be measured in various
ways, including using a medical electrocardiograph (EKG)
machine, a chest strap with electrodes, a pulse oximeter that
clips on a finger, a sphygmomanometer, or by measuring a
pressure point on an individual.

[0004] A person’s mental state can be impacted by many
types of external stimuli. One growingly common stimulus is
interaction with a computer. People spend an ever-increasing
amount of time interacting with computers, and consume a
vast amount of computer-delivered media. This interaction
can be for many different reasons, such as desire for educa-
tional content, entertainment, social media interaction, docu-
ment creation, and gaming, to name a few.
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[0005] 1Insome cases, the human-computer interaction can
take the form of a person performing a task using a computer
and a software tool running on the computer. Examples of
such interactions can include filling out a tax form, creating a
document, editing a video, and doing one or more of the other
activities that a modern computer can perform. The person
might find certain activities interesting or even exciting, and
might be surprised at how easy it is to perform the activity or
activities. The person can become excited, happy, or content
as they perform the activities. On the other hand, the person
might find some activities difficult to perform, and can
become frustrated or even angry with the computer. even
though the computer is oblivious to their emotions. In other
cases of human-computer interaction, the person can be con-
suming content or media such as news, pictures, music, or
video. A person’s mental state can be useful in determining
whether or not the person enjoys particular media content.
[0006] Currently, tedious methods with limited usefulness
are employed to determine users’” mental states. For example,
users can be surveyed in an attempt to determine their mental
state in reaction to a stimulus such as a human-computer
interaction. Survey results are often unreliable because the
surveys are often done well after the activity was performed,
survey participation rates can be low, and many times people
do not provide accurate and honest answers to the survey
questions. In other cases, people can self-rate media to com-
municate personal preferences by entering a specific number
of stars corresponding to a level of like or dislike. However,
these types of subjective evaluations are often neither a reli-
able nor practical way to evaluate personal response to media.
Recommendations based on such methods are imprecise,
subjective, unreliable, and are often further subject to prob-
lems related to the small number of individuals willing to
participate in the evaluations.

SUMMARY

[0007] Heart rate and other types of analysis can be gleaned
from facial video as someone observes various media presen-
tations. The information on heart rates can be used to aid in
mental state analysis. A method for mental state analysis is
described which includes obtaining video of an individual as
the individual is interacting with a computer, either by per-
forming various operations or by consuming a media presen-
tation. The video is then analyzed to determine heart rate
information on the individual including both heart rate and
heart rate variability. A mental state of the individual is then
inferred based on the heart rate information. A computer-
implemented method for mental state analysis is disclosed
comprising: obtaining video of an individual; analyzing the
video to determine heart rate information; and inferring men-
tal states of the individual based on the heart rate information.
[0008] The method can include analyzing a media presen-
tation based on the mental states, which were inferred. The
analyzing of the media presentation may include evaluating
advertisement effectiveness. The analyzing of the media pre-
sentation can also include optimizing the media presentation.
The heart rate information may be correlated to a stimulus
that the individual is encountering. The analyzing can include
identifying a location of a face of the individual in a portion of
the video. The method may further comprise establishing a
region of interest including the face, separating pixels in the
region of interest into at least two channel values and com-
bining to form raw traces, transforming and decomposing the
raw traces into at least one independent source signal, and
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processing the at least one independent source signal to
obtain the heart rate information.

[0009] In embodiments, a computer program product
embodied in a non-transitory computer readable medium for
mental state analysis comprises: code for obtaining video of
an individual; code for analyzing the video to determine heart
rate information; and code for inferring mental states of the
individual based on the heart rate information. In some
embodiments, a computer system for mental state analysis
comprises: a memory which stores instructions; one or more
processors attached to the memory wherein the one or more
processors, when executing the instructions which are stored,
are configured to: obtain video of an individual; analyze the
video to determine heart rate information; and infer mental
states of the individual based on the heart rate information.
[0010] Various features, aspects, and advantages of various
embodiments will become more apparent from the following
further description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The following detailed description of certain
embodiments may be understood by reference to the follow-
ing figures wherein:

[0012] FIG.1is a flow diagram for mental state analysis.
[0013] FIG.2isaflow diagram for video capture and analy-
sis.

[0014] FIG. 3 is flow diagram for determining heart rate
information.

[0015] FIG. 4 is a diagram showing sensor analysis.
[0016] FIG.51is asystem diagram for mental state analysis.
DETAILED DESCRIPTION
[0017] As an individual interacts with a computer, the indi-

vidual’s mental state can be impacted by the interaction,
which can in turn have an impact on the individual’s facial
expressions and heart rate, as well as provoking other physi-
ological reactions. Determining the individual’s mental state
can have value for a variety of reasons, such as improving the
program that the individual is using, rating a media presenta-
tion, or optimizing an advertisement. Traditional methods of
monitoring an individual’s mental state have limited effec-
tiveness for a variety of reasons. For example, surveys or
rating systems are prone to non-participation and inaccurate
reporting, and even though physiological information is often
an accurate way to determine an individual’s mental state,
traditional physiological monitoring devices are intrusive and
not available at most computer workstations.

[0018] Many contemporary computer systems already
include a webcam, and even for systems without a webcam, it
is possible to easily and inexpensively add one to nearly any
modern computer workstation. In many cases, a webcam can
unobtrusively monitor an individual, but until recently it was
not known how to determine heart rate information from a
video produced by a webcam. Recent studies have shown,
however, that it is possible to extract heart rate information
from video of an individual. Examples of such work include
“Remote plethysmographic imaging using ambient light” by
Wim Verkruysse, Lars O Svaasand, and J Stuart Nelson,
published in Optics Express, Vol. 16, No. 26, on Dec. 12,
2008, and U.S. patent application publication US 2011/
0251493 Al, published on Oct. 31, 2011, entitled “Method
and System for Measurement of Physiological Parameters;”
with Ming-Zher Poh, Daniel McDuff, and Rosalind Picard as
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named inventors. These papers are hereby incorporated by
reference in their entirety. The present disclosure describes
using a video of an individual to determine heart rate infor-
mation and then using the heart rate information to infer a
mental state of that individual.

[0019] An individual can interact with a computer to per-
form some type of task on the computer, or view a media
presentation while being monitored by a webcam. The video
from the webcam can then be analyzed to determine heart rate
information. In one embodiment, the video is separated into
separate color channels and a trace is generated for each color
channel based on the spatial average of the color channel for
the face over time. Independent component analysis can then
be used to generate independent source signals that correlate
to heart rate information, such as BVP. Standard signal pro-
cessing techniques can then be used to extract heart rate
information, including heart rate variability, arrhythmias,
heart murmurs, beat strength and shape, artery health, or
arterial obstructions. In some embodiments, respiration rate
information is also determined.

[0020] Once the heart rate information has been deter-
mined, amental state of the individual can be inferred. Mental
states which can be inferred include confusion, disappoint-
ment, hesitation, cognitive overload, focusing, engagement,
attention, boredom, exploration, confidence, trust, delight,
disgust, skepticism, doubt, satisfaction, excitement, laughter,
calmness, happiness, sadness, anger, stress, sentimentality, or
curiosity. Various types of heart rate information can be used
to infer a mental state. For example, an elevated HR can
indicate excitement, a decrease in phasic HR can indicate
attention, and tonic HR can be used to indicate arousal. In
some embodiments, the heart rate information can be used in
conjunction with facial movement data and/or other biosen-
sor data to infer a mental state.

[0021] FIG. 1isa flow diagram 100 for mental state analy-
sis. The flow 100 describes a computer-implemented method
for mental state analysis. The flow 100 includes obtaining
video 110 of an individual. In some embodiments the video is
captured using a webcam 112 while in other embodiments the
video is received from another computer 114 and/or over the
Internet 116. The video can be color video and can be of
various spatial resolutions, frame rates (temporal resolution),
and lengths. In some embodiments, a video clip of at least one
to three seconds of video is obtained, but in other embodi-
ments, a video clip of 20 seconds or more is obtained. In some
embodiments video is continuously captured, while in other
embodiments, video is broken into segments, such as 20
second segments, for analysis. Some embodiments continu-
ously analyze the video. In some embodiments the video is a
standard resolution television-type video at resolutions such
as 720x540, 720x480 or 640x480 pixels with a frame rate of
25 or 30 frames per second (FPS) interlaced or progressive. In
other embodiments, the video is a high-definition video at
resolutions such as 1280x720 pixels progressive or 1920x
1080 interlaced with a frame rate of 30 to about 60 FPS. But,
in some embodiments, the video can be at a lower spatial
and/or temporal resolution as can commonly be captured by
an inexpensive webcam, such as CIF (352x240), QCIF (176x
120) or another video type at a lower resolution and with a
frame rate of 25 FPS or lower, about 15 FPS for example. In
some embodiments, the video can include a series of images
ofthe individual, and the video can have a variable frame rate.
In some embodiments, a specialty camera capable of captur-
ing high frame rate video, such as video with a frame rate
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faster than 60 FPS, can be used. Some embodiments include
video processed at 0.1 (FPS) and above, frame sizes of 1 pixel
and above, and even image sequences at irregular temporal
sampling and spatial sizes. In embodiments, the method
includes converting the video to a constant frame rate and
performing filtering on the video to facilitate the analyzing.

[0022] The flow 100 continues by analyzing the video to
determine heart rate information 120. The analyzing can be
performed using any type ofalgorithm, but one algorithm that
can be used is described in more detail in FIG. 3. In some
embodiments, the heart rate information includes a measure
of heart rate (HR) 122. The heart rate can be an instantaneous
heart rate or an average heart rate over a period of time. In
some embodiments, the heart rate information includes heart
rate variability (HRV) 123. In some embodiments, the ana-
lyzing correlates the heart rate information to a stimulus 124
such as a scene of a movie, a portion of an advertisement, a
specific task performed within a software application, or any
other type of stimulus generated by the individual’s interac-
tion with the computer, by an external event, or through some
other context. The context can include viewing a concept,
viewing a product, and interacting with a person or persons.
In some cases a wearable apparatus can view and record
another person’s face. The video from that person’s face can
then be analyzed for heart rate information. In some embodi-
ments, two or more people can each have a wearable appara-
tus and video information can be collected, analyzed, and
exchanged between the people or provided to another system
for utilization. The analyzing can factor in a facial occlusion
126 for part of an individual’s face. This is accomplished in
some embodiments by recognizing that the face is occluded
and adjusting a region of interest for the frames where the face
is partially occluded, along with removing the frames where
more than a predetermined portion of the face is occluded. In
some embodiments, the analyzing includes calculating blood
volume pulse (BVP) 128. The BVP can be included in the
heart rate information, and/or can be used to calculate the
heart rate information, depending on the embodiment.

[0023] The analyzing can include evaluating phasic and/or
tonic response 129 of the heart rate information. A phasic
response is a short term, or high frequency, response to a
stimulus, and a tonic response is a long term, or low fre-
quency, response to a stimulus. In one embodiment, a phasic
response constitutes a heartbeat-to-heartbeat difference,
while in other embodiments a phasic response constitutes a
difference over some number of seconds, such as a period
betweenabout two and about 10 seconds. Other embodiments
can use a different threshold for a phasic response. A tonic
response can represent a change over a longer period of time,
for example a change observed during any period of time
from 10 seconds to many minutes or longer. HR, HRV and
BVP can all have both phasic and tonic responses. In addition,
analyzing can include extracting a heart rate from evaluation
of a face of the individual in the video and the heart rate may
be an equivalent to a blood volume pulse value. The analyzing
can use a green channel from the video.

[0024] The flow 100 further comprises inferring an indi-
vidual’s mental states based on the heart rate information 140.
The mental states can include one or more of frustration,
confusion, disappointment, hesitation, cognitive overload,
focusing, engagement, attention, boredom, exploration, con-
fidence, trust, delight, disgust, skepticism, doubt, satisfac-
tion, excitement, laughter, calmness, stress, and curiosity.
The inferring can include determining arousal 142, determin-
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ing attention 144, and/or determining valence 146. The
method can include interpreting physiological arousal from
the heart rate information. Various combinations of the abso-
lute value, relative value, phasic response, and/or tonic
response of HR, HRV, BVP, and/or other heart rate informa-
tion can be used for the inferring. For example, a phasic
response of HR can be used to infer attention and a tonic
response of HR can be used to infer arousal. A decrease in
phasic HR can be used to infer a change of valence with a
measure of tonic HR used to infer the direction of the change
of valence. In some embodiments, a time lag is factored into
the inference 148, as there can be a lag between the video and
the stimulus as well as a lag in the individual’s heart-rate
response to the stimulus. The time-lag factoring can be used
to help correlate the response to a specific stimulus. In some
embodiments, the flow 100 further comprises aggregating
149 the heart rate information for the individual with other
people and/or inferring mental states of the plurality of other
people based on the heart rate information on the plurality of
other people. Such aggregation can be useful in determining
amental state of the group of people, or a group’s response to
a certain stimulus.

[0025] The flow 100 further comprises analyzing a media
presentation based on the mental states which were inferred
150. The media presentation can be any type of media pre-
sentation, but can include one or more of an advertisement, a
movie, a television show, a web series, a webisode, a video, a
video clip, an electronic game, a concept presentation, an
e-book, an e-magazine, or an app. Some embodiments further
comprise aggregating the mental states for the individual with
other people. The analyzing can include comparing the men-
tal state to an intended mental state to determine if the media
presentation is effective. So, if the media presentation is an
advertisement, the analyzing of the media presentation can
include evaluating advertisement effectiveness 152. In some
embodiments, different versions of the media presentation
are presented and the mental states of the individual or the
group can be compared for the different versions. The media
presentation can be changed, in some embodiments, based on
the mental states. Such changes can include changing a length
of the media presentation, adding or deleting scenes, choos-
ing appropriate music for the soundtrack, or other changes.
Thus, the analyzing of the media presentation can include
optimizing the media presentation 154. The flow 100 can
further include learning 160 about heart rate information as
part of the analyzing. The learning can factor in one or more
previous frames of data and can apply transformations, either
previously learned or learned on the fly, to the traces for this
analysis to promote the capture of signal fluctuations due to
blood flow. One or more previous frames can be used as
training data for an individual, for people with similar skin
pigmentation, or for people in general. The learning can occur
on the fly or can be stored for future use with a certain
individual or group of people. The learning can be used for
global independent component analysis and/or other trans-
formations. Further, a set of videos can be processed in order
to learn heart rate information analysis.

[0026] The flow 100 can further comprise collecting facial
data based on the video. The facial data can include facial
movements, which, in at least some embodiments, can be
categorized using the facial action coding system (FACS).
The inferring of mental states can be based, at least in part, on
the facial data, thus the facial data can be used in combination
with the heart rate information for the inferring of mental
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states. Various steps in the flow 100 may be changed in order,
repeated, omitted, or the like without departing from the
disclosed concepts. Various embodiments of the flow 100
may be included in a computer program product embodied in
a non-transitory computer readable medium that includes
code executable by one or more processors.

[0027] FIG. 2 is a flow diagram 200 for video capture and
analysis. An individual 220 can view 222 an electronic dis-
play 212 showing a stimulus 210 to the individual 220. The
electronic display 212 can be a part of, or can be driven from,
a device capturing a video of the individual, or the electronic
display can only be loosely coupled or even unrelated to the
device capturing the video, depending on the embodiment.
The video is captured, in some embodiments, using a mobile
device such as a cell phone, a tablet computer, a wearable
computing device, or a laptop. The capturing can also be
performed with a webcam 230, thus the obtaining the video of
the individual comprises capturing the video with a webcam
230, in some embodiments.

[0028] The webcam 230 can have a line-of-sight 232 to the
user’s 220 face, and can capture any one or more of video,
audio, and still images of the individual 220. A webcam, as
the term is used herein, can include a video camera, a still
camera, a thermal imager, a CCD device, a phone camera, a
three-dimensional camera, a depth camera, multiple web-
cams used to show different views of a person, or any other
type of image capture apparatus which can allow image data
to be captured and used in an electronic system. The images of
the person 220 as taken by the webcam 230 can be captured
by a video capture unit 240. In some embodiments, video is
captured, while in others, one or more still images are cap-
tured at regular or irregular intervals. In some embodiments,
the one or more still images are used to create a video, which
can have a variable frame rate. The captured video or still
images can be analyzed to determine one or both of facial
movements 242 and heart rate information 244. The facial
movements can include information on facial expressions,
action units, head gestures, smiles, smirks, brow furrows,
squints, lowered eyebrows, raised eyebrows, or attention. In
some embodiments, the webcam 230 can also capture images
of the setting, which can assist in determining contextual
information, other physiological data, gestures, actions, and/
or other movements. The analysis of the video can be used to
infer a mental state 250 of the user 220.

[0029] The flow 200 can further comprise determining con-
textual information 260, such as identifying the stimulus 210.
In some embodiments, the contextual information can
include other information such as other individuals nearby
who can be captured by the webcam 230, environmental
information, identity information about the user 220, or
another type of contextual information. The electronic dis-
play 212 can include a stimulus 210 such as a media presen-
tation or the user interface of a computer program. Thus, the
stimulus 210 can pertain to a media presentation 262. The
media presentation 262 can include one of a group consisting
of a movie, a television show, a web series, a webisode, a
video, a video clip, an electronic game, an e-book, or an
e-magazine. In other embodiments, the stimulus 210 can be
based on a game 264 device, appliance, vehicle, sensor, appli-
cation, robot, or system with which the user 220 is interacting
using the display 212.

[0030] The heart rate information can be correlated 270 to
a stimulus that the individual is encountering, and, in at least
some embodiments, the inferring factors in the time lag
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between a stimulus 210 and the heart rate information. This
can allow conclusions to be formed about the user’s 220
interaction with the stimulus 210. In some embodiments, the
media presentation 262 is optimized based on the correlation
of the mental state to the stimulus. In some embodiments, a
game 264 is changed in some way based on the mental state
inferred from the heart rate information and/or the facial
movements. Thus, the game 264 can be modified 272 based
on the heart rate information. The game can be modified in
many different ways. For example, the game’s difficulty can
be changed, or a player’s avatar can be modified to match,
modify, or disguise the player’s mental state by adjusting the
avatar’s facial expressions or body actions. That is, in
embodiments, the avatar performs an action such as smiling
or frowning based on the user’s mental state.

[0031] FIG. 3 is a flow diagram for determining heart rate
information by analyzing video. While the embodiment
described in flow 300 has been shown to provide accurate
heart rate information from a video, other embodiments can
use different algorithms for determining heart rate informa-
tion by analyzing video. In this embodiment, the analyzing
includes identifying a location of a face 310 or a set of faces
ofanindividual or multiple individuals in a portion of a video.
Facial detection can be performed using a facial landmark
tracker. The tracker can identify points on a face and can be
used to localize sub-facial parts such as the forehead and/or
cheeks. Further, skin detection can be performed and facial
portions removed from images where those portions are con-
sidered irrelevant. In some cases eyes, lips, or other portions
can be ignored within images. The flow 300 further comprises
establishing a region of interest (ROI) including the face 320.
In at least one embodiment, the ROI is defined as a portion of
abox returned as the location of the face, such as the middle
60% of the width of the box and the full height of the box, for
example. In another embodiment the ROI is obtained via
skin-tone detection and can be determined using various
regions of skin on an individual’s body, including non-facial
regions. In some embodiments the ROI can be processed
using various image processing techniques including, but not
limited to, sharpness filters, noise filters, convolutions, and
brightness and/or contrast normalization that can operate ona
single frame or a group of frames over time. The flow 300 can
scale its analysis to process multiple faces within multiple
regions of interests (ROI) returned by the facial landmark
detector.

[0032] The flow 300 can further comprise separating tem-
poral pixel intensity traces in the regions of interest into at
least two channel values and spatially and/or temporally pro-
cessing the separated pixels to formraw traces 330. While one
embodiment establishes red, green and blue as channel val-
ues, other embodiments can base channels on another color
gamut, or other functions of the pixel intensity traces. The
channels of the video can be analyzed on a frame-by-frame
basis and spatially averaged to provide a single value for each
frame in each channel. Some embodiments use a weighted
average to emphasize certain areas of the face. One raw trace
per channel can be created and can include a single value that
varies over time. In some embodiments, the raw traces can be
processed for filtering or enhancement. Such processing can
include various filters such as low-pass, high-pass, or band-
pass filters; interpolation; decimation; or other signal pro-
cessing techniques. In at least one embodiment, the raw traces
are detrended using a procedure based on a smoothness priors
approach. Other types of analysis are alternatively possible,
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such as a feature being extracted from a channel based on a
discrete probability distribution of pixel intensities. A histo-
gram of intensities can be generated with a histogram per
channel. In some embodiments, one bin can be considered
equivalent to summing spatially. Analysis can include tracing
fluctuations in reflected light from the skin of a person being
viewed.

[0033] The flow 300 can further comprise decomposing the
raw traces into at least one independent source signal 340.
The decomposition can be accomplished using independent
component analysis (ICA). Independent component analysis
(ICA)is atechnique for uncovering independent signals from
a set of observations composed of linear mixtures of under-
lying sources. In this case, the underlying source signal of
interest can be BVP. During the cardiac cycle, volumetric
changes in the blood vessels modify the path length of the
incident ambient light, which in turn changes the amount of
light reflected, a measurement which can indicate the timing
of cardiovascular events. By capturing a sequence of images
of the facial region with a webcam, the red, green and blue
(RGB) color sensors pick up a mixture of reflected plethys-
mographic signals along with other sources of fluctuations in
light due to artifacts. Given that hemoglobin absorptivity
differs across the visible and near-infrared spectral range,
each color sensor records a mixture of the original source
signals with slightly different weights. The ICA model
assumes that the observed signals are linear mixtures of the
sources where one of the sources is hemoglobin absorptivity
or reflectivity. ICA can be used to decompose the raw traces
into a source signal representing hemoglobin absorptivity
correlating to BVP. Respiration rate information is also deter-
mined, in some embodiments.

[0034] The flow 300 further comprises processing at least
one source signal to obtain the heart rate information 350.
Heart rate (HR) can be determined by observing the intervals
between peaks of the source signal, finding the peaks having
been discussed above. Thus, the heart rate information can
include heart rate, and the heart rate can be determined based
on changes in the amount of reflected light 352. Heart rate
variability, both phasic and tonic, can be obtained using a
power spectral density (PSD) estimation and/or through other
signal processing techniques. The analysis can include evalu-
ation of phasic and tonic heart rate responses. In some
embodiments, the video includes a plurality of other people.
Such embodiments can comprise identifying locations for
faces of the plurality of other people and analyzing the video
to determine heart rate information on the plurality of other
people. Various steps in the flow 300 may be changed in order,
repeated, omitted, or the like without departing from the
disclosed concepts. Various embodiments of the flow 300
may be included in a computer program product embodied in
a non-transitory computer readable medium that includes
code executable by one or more processors. In other embodi-
ments, a supervised learning approach is adopted to the prob-
lem of detecting human heart rate. A statistical classifier can
be trained by learning from a data set consisting of human
blood volume pulse synchronized with face videos. The clas-
sifier will recognize a pulse by learning patterns of variability,
in the mean of the green channel, that correspond to a beat in
the blood volume pulse values. After training, the classifier
can process a sequence of frames and thereby report a heart-
beat when it detects a pattern in the green channel similar to
the pattern seen during training The classifier can return a
number that could be positive or negative. A larger number is
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returned as a result of a higher confidence by the classifier. In
some embodiments, progressive filtering can be used to
enable shorter time spans in the heart rate analysis. In some
cases each beat can be evaluated for a heart rate. In embodi-
ments, facial images can be compensated for media images
that are reflected from the face due to screen lighting.

[0035] FIG. 4 is a diagram showing sensor analysis. The
diagram 400 comprises obtaining biosensor data for the indi-
vidual 410. Data can be collected from a person 410 as he or
she interacts with a computer or views a media presentation.
The person 410 can have a biosensor 412 attached to him or
her for the purpose of collecting mental state data. The bio-
sensor 412 can be placed on the wrist, palm, hand, head, or
another part of the body. In some embodiments, multiple
biosensors are placed on the body in multiple locations. The
biosensor 412 can include detectors for physiological data
such as electrodermal activity, skin temperature, accelerom-
eter readings, and the like. Other detectors for physiological
data can also be included, such as heart rate, blood pressure,
EKG, EEG, other types of brain waves, and other physiologi-
cal detectors. The biosensor 412 can transmit collected infor-
mation to a receiver 420 using wireless technology such as
Wi-Fi, Bluetooth, 802.11, cellular, or other protocols. In other
embodiments, the biosensor 412 communicates with the
receiver 420 using other methods such as a wired or optical
interface. The receiver can provide the data to one or more
components in the system 400. In some embodiments, the
biosensor 412 records multiple types of physiological infor-
mation in memory for later download and analysis. In some
embodiments, the download of recorded physiological data is
accomplished through a USB port or another form of wired or
wireless connection. The biosensor data can augment the
heart rate information determined by analyzing video of the
person 410.

[0036] Mental states can be inferred based on physiological
data, including physiological data from the sensor 412 which
can be used to augment the heart rate information determined
by analyzing video. Mental states can also be inferred, at least
in part, based on facial expressions and head gestures
observed by a webcam, or based on a combination of data
from the webcam and data from the sensor 412. The mental
states can be analyzed based on arousal and valence. Arousal
can range from being highly activated, such as when someone
is agitated, to being entirely passive, such as when someone is
bored. Valence can range from being very positive, such as
when someone is happy, to being very negative, such as when
someone is angry. Physiological data can include one or more
of electrodermal activity (EDA), heart rate, heart rate vari-
ability, skin temperature, respiration, accelerometer readings,
and other types of analysis of a human being. It will be
understood that both here and elsewhere in this document,
physiological information can be obtained either by biosen-
sor 412 or by facial observation via an image capturing
device. Facial data can include facial actions and head ges-
tures used to infer mental states. Further, the data can include
information on hand gestures or body language and body
movements such as visible fidgets. In some embodiments,
these movements are captured by cameras, while in other
embodiments these movements are captured by sensors.
Facial data can include the tilting of the head to the side,
leaning forward, smiling, and frowning, among numerous
other gestures or expressions.

[0037] Insome embodiments, electrodermal activity is col-
lected continuously, periodically, or sporadically. The elec-
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trodermal activity can be analyzed 430 to indicate arousal,
excitement, boredom, or other mental states based on
observed changes in skin conductance. Skin temperature can
be collected and recorded. In turn, the skin temperature can be
analyzed 432. Changes in skin temperature can indicate
arousal, excitement, boredom, or other mental states. Heart
rate can be collected and recorded, and can also be analyzed
434. A high heart rate can indicate excitement, arousal, or
other mental states. Accelerometer data can be collected and
used to track one, two, or three dimensions of motion. The
accelerometer data can be recorded. The accelerometer data
canbe analyzed 436 and can indicate a sleep pattern, a state of
high activity, a state of lethargy, or other states. The various
data collected by the biosensor 412 can be used along with the
heart rate information determined by analyzing video cap-
tured by the webcam in the analysis of mental state.

[0038] FIG. 5 is a system diagram 500 for mental state
analysis. The system 500 can include a local machine 520
with which an individual is interacting. The local machine
520 can include one or more processors 524 coupled with a
memory 526 that can be used to store instructions and data. In
some embodiments, the local machine 520 is a mobile device,
including, but not limited to, a laptop, a personal computer, a
tablet computer, a cell phone, a smart phone, a vehicle
mounted computer, awearable computer, and so on. The local
machine 520 can also include adisplay 522 which can be used
to show a stimulus to the individual, such as a media presen-
tation, a game, or a computer program user interface. The
display 522 can be any electronic display, including but not
limited to, a computer display, a laptop screen, a net-book
screen, a tablet screen, a cell phone display, a mobile device
display, an automotive type display, a remote with a display,
a television, a projector, or the like. The local machine can
also include a webcam 528 capable of capturing video and
stillimages of the user interacting with the local machine 520.
The webcam 528, as the term is used herein, can refer to a
camera on a computer (such as a laptop, a net-book, a tablet,
awearable device, or the like), a video camera, a still camera,
a cell phone camera, a camera mounted in a transportation
vehicle, a wearable device including a camera, a mobile
device camera (including, but not limited to, a forward facing
camera), a thermal imager, a CCD device, a three-dimen-
sional camera, a depth camera, multiple webcams used to
capture different views of viewers, or any other type of image
capture apparatus that allows image data to be captured and
used by an electronic system. In some embodiments, one or
more biosensors 566 can be coupled to the local machine 520.
The biosensor or biosensors 566 can monitor the individual
interacting with the local machine 520 to obtain physiological
information on the individual.

[0039] The one or more processors 524 can be configured
to obtain video of the individual using the webcam or other
camera; analyze the video to determine heart rate informa-
tion; and infer mental states of the individual based, at least in
part and in some embodiments, on the heart rate information.
So, the system can comprise a computer program product
embodied in a non-transitory computer readable medium for
mental state analysis, the computer program product com-
prising code for obtaining video of an individual, code for
analyzing the video to determine heart rate information, and
code for inferring mental states of the individual based on the
heart rate information.

[0040] Some embodiments include an analysis server 550,
although some embodiments comprise performing the analy-
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sis of the video data, inferring mental states, and executing
other aspects of methods described herein on the local
machine 520. The local machine 520 sends video data 530
over the Internet 510 or other computer communication link
to the analysis server 550, in some embodiments. In some
embodiments, the analysis server 550 is provisioned as a web
service. The analysis server 550 includes one or more proces-
sors 554 coupled to amemory 556 to store instructions and/or
data. Some embodiments of the analysis server 550 include a
display 552. The one or more processors 554 can be config-
ured to receive video data 540 from the local machine 520
over the Internet 510. Thus, the obtaining the video of the
individual can comprise receiving the video from another
computer, and the obtaining the video of the individual can
comprise receiving the video over the Internet. The transfer of
video can be accomplished once an entire video is captured of
aperson for analysis. Alternatively, video can be streamed as
it is collected. The video can be analyzed for heart rate infor-
mation on the fly as the video is collected or as it is streamed
to analysis machine. The one or more processors 554 can also
be configured to analyze the video 540 to determine heart rate
information, and infer mental states of the individual based on
the heart rate information. In some embodiments, the analysis
server receives video of multiple individuals from multiple
other computers, and determine heart rate information for the
multiple individuals. In some embodiments, the heart rate
information from the multiple individuals is aggregated to
determine an aggregated mental state of the group including
the multiple individuals.

[0041] Each of the above methods may be executed on one
Or Mmore pProcessors on one Or more computer systems.
Embodiments may include various forms of distributed com-
puting, client/server computing, and cloud based computing.
Further, it will be understood that the depicted steps or boxes
contained in this disclosure’s flow charts are solely illustra-
tive and explanatory. The steps may be modified, omitted,
repeated, or re-ordered without departing from the scope of
this disclosure. Further, each step may contain one or more
sub-steps. While the foregoing drawings and description set
forth functional aspects of the disclosed systems, no particu-
lar implementation or arrangement of software and/or hard-
ware should be inferred from these descriptions unless explic-
itly stated or otherwise clear from the context. All such
arrangements of software and/or hardware are intended to fall
within the scope of this disclosure.

[0042] The block diagrams and flowchart illustrations
depict methods, apparatus, systems, and computer program
products. The elements and combinations of elements in the
block diagrams and flow diagrams show functions, steps, or
groups of steps of the methods, apparatus, systems, computer
program products and/or computer-implemented methods.
Any and all such functions—generally referred to herein as a
“circuit,” “module,” or “system”—may be implemented by
computer program instructions, by special-purpose hard-
ware-based computer systems, by combinations of special
purpose hardware and computer instructions, by combina-
tions of general purpose hardware and computer instructions,
and so on.

[0043] A programmable apparatus which executes any of
the above mentioned computer program products or com-
puter-implemented methods may include one or more micro-
processors, microcontrollers, embedded microcontrollers,
programmable digital signal processors, programmable
devices, programmable gate arrays, programmable array
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logic, memory devices, application specific integrated cir-
cuits, or the like. Each may be suitably employed or config-
ured to process computer program instructions, execute com-
puter logic, store computer data, and so on.

[0044] It will be understood that a computer may include a
computer program product from a computer-readable storage
medium and that this medium may be internal or external,
removable and replaceable, or fixed. In addition, a computer
may include a Basic Input/Output System (BIOS), firmware,
an operating system, a database, or the like that may include,
interface with, or support the software and hardware
described herein.

[0045] Embodiments of the present invention are neither
limited to conventional computer applications nor the pro-
grammable apparatus that run them. To illustrate: the embodi-
ments of the presently claimed invention could include an
optical computer, quantum computer, analog computer, or the
like. A computer program may be loaded onto a computer to
produce a particular machine that may perform any and all of
the depicted functions. This particular machine provides a
means for carrying out any and all of the depicted functions.

[0046] Any combination of one or more computer readable
media may be utilized including but not limited to: a non-
transitory computer readable medium for storage; an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor computer readable storage medium or any suitable
combination of'the foregoing; a portable computer diskette; a
hard disk; a random access memory (RAM); a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM, Flash, MRAM, FeRAM, or phase change
memory); an optical fiber; a portable compact disc; an optical
storage device; a magnetic storage device; or any suitable
combination of the foregoing. In the context of this documen,
a computer readable storage medium may be any tangible
medium that can contain or store a program for use by or in
connection with an instruction execution system, apparatus,
or device.

[0047] It will be appreciated that computer program
instructions may include computer executable code. A variety
of languages for expressing computer program instructions
may include without limitation C, C++, Java, JavaScript™,
ActionScript™, assembly language, Lisp, Perl, Tcl, Python,
Ruby, hardware description languages, database program-
ming languages, functional programming languages, impera-
tive programming languages, and so on. In embodiments,
computer program instructions may be stored, compiled, or
interpreted to run on a computer, a programmable data pro-
cessing apparatus, a heterogeneous combination of proces-
sors or processor architectures, and so on. Without limitation,
embodiments of the present invention may take the form of
web-based computer software, which includes client/server
software, software-as-a-service, peer-to-peer software, or the
like.

[0048] In embodiments, a computer may enable execution
of computer program instructions including multiple pro-
grams or threads. The multiple programs or threads may be
processed approximately simultaneously to enhance utiliza-
tion of the processor and to facilitate substantially simulta-
neous functions. By way of implementation, any and all
methods, program codes, program instructions, and the like
described herein may be implemented in one or more threads
which may in turn spawn other threads, which may them-
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selves have priorities associated with them. In some embodi-
ments, a computer may process these threads based on priot-
ity or other order.

[0049] Unless explicitly stated or otherwise clear from the
context, the verbs “execute” and “process” may be used inter-
changeably to indicate execute, process, interpret, compile,
assemble, link, load, or a combination of the foregoing.
Therefore, embodiments that execute or process computer
program instructions, computer-executable code, or the like
may act upon the instructions or code in any and all of the
ways described. Further, the method steps shown are intended
to include any suitable method of causing one or more parties
or entities to perform the steps. The parties performing a step,
or portion of a step, need not be located within a particular
geographic location or country boundary. For instance, if an
entity located within the United States causes a method step,
or portion thereof, to be performed outside of the United
States then the method is considered to be performed in the
United States by virtue of the causal entity.

[0050] While the invention has been disclosed in connec-
tion with preferred embodiments shown and described in
detail, various modifications and improvements thereon will
become apparent to those skilled in the art. Accordingly, the
forgoing examples should not limit the spirit and scope of the
present invention,; rather it should be understood in the broad-
est sense allowable by law.

What is claimed is:

1. A computer-implemented method for mental state analy-
sis comprising:

obtaining video of an individual,

analyzing the video to determine heart rate information;

and

inferring mental states of the individual based on the heart

rate information.

2. The method of claim 1 further comprising analyzing a
media presentation based on the mental states, which were
inferred.

3. The method of claim 2 wherein the analyzing the media
presentation includes evaluating advertisement effectiveness.

4. The method of claim 2 wherein the analyzing the media
presentation includes optimizing the media presentation.

5. (canceled)

6. The method of claim 1 wherein the heart rate information
is correlated to a stimulus that the individual is encountering.

7. The method of claim 6 wherein the stimulus pertains to
a media presentation or is based on a game.

8. The method of claim 7 wherein the game is modified
based on the heart rate information.

9. (canceled)

10. The method of claim 1 wherein the analysis includes
evaluation of phasic and tonic heart rate responses.

11. The method of claim 1 further comprising aggregating
the heart rate information for the individual with other people.

12. The method of claim 1 further comprising aggregating
the mental states for the individual with other people.

13. The method of claim 1 wherein learning about heart
rate information is included as part of the analyzing.

14. The method of claim 1 wherein the inferring includes
determining arousal, attention, or valence.

15. The method of claim 1 wherein the analyzing includes
calculating blood volume pulse.

16. The method of claim 1 wherein the inferring factors in
a time lag between a stimulus and the heart rate information.
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17. The method of claim 1 wherein the analyzing factors in
an occlusion of part of a face for the individual.

18. (canceled)

19. The method of claim 1 further comprising determining
contextual information.

20-23. (canceled)

24. The method of claim 1 wherein the analyzing includes
identifying alocation of a face of the individual in a portion of
the video.

25. The method of claim 24 further comprising establish-
ing a region of interest including the face, separating pixels in
the region of interest into at least two channel values and
combining to form raw traces, transforming and decompos-
ing the raw traces into at least one independent source signal,
and processing the at least one independent source signal to
obtain the heart rate information.

26. The method of claim 25 wherein the heart rate infor-
mation includes heart rate and the heart rate is determined
based on changes in an amount of reflected light.

27. The method of claim 1 wherein the video includes a
plurality of other people.

28. The method of claim 27 further comprising identifying
locations for faces of the plurality of other people and ana-
lyzing the video to determine heart rate information on the
plurality of other people.

29. The method of claim 28 further comprising inferring
mental states of the plurality of other people based on the
heart rate information on the plurality of other people.

30. The method of claim 1 further comprising obtaining
biosensor data for the individval.

31. The method of claim 30 wherein the biosensor data
augments the heart rate information.

32. The method of claim 30 wherein the biosensor data
includes one or more of electrodermal activity, heart rate,
heart rate variability, skin temperature, or respiration.
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33. (canceled)

34. The method of claim 1 further comprising collecting
facial data based on the video.

35. The method of claim 34 wherein the facial dataincludes
facial movements.

36. The method of claim 35 wherein the inferring is based
on the facial data.

37. The method of claim 35 wherein the facial data is used
in combination with the heart rate information.

38. The method of claim 1 wherein the mental states
include one or more of frustration, confusion, disappoint-
ment, hesitation, cognitive overload, focusing, engagement,
attention, boredom, exploration, confidence, trust, delight,
disgust, skepticism, doubt, satisfaction, excitement, laughter,
calmness, stress, sentimentality, and curiosity.

39. A computer program product embodied in a non-tran-
sitory computer readable medium for mental state analysis,
the computer program product comprising:

code for obtaining video of an individual;

code for analyzing the video to determine heart rate infor-

mation; and

code for inferring mental states of the individual based on

the heart rate information.

40. A computer system for mental state analysis compris-
ing:

a memory which stores instructions;

one or more processors attached to the memory wherein

the one or more processors, when executing the instruc-
tions which are stored, are configured to:
obtain video of an individual;
analyze the video to determine heart rate information;
and
infer mental states of the individual based on the heart rate
information.
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